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The  Council  having  duly  estimated  the  present  position  of  the  Institute, 
after  a  lengthened  period  of  great  commercial  depression,  consider  that 
the  members  have  great  reason  to  be  gratified.  Notwithstanding  that 
there  has  been  a  falling  off  in  the  number  of  members  and  a  consequent 
decrease  in  the  receipts  from  subscriptions,  the  actual  receipts  are  slightly 
in  excess  of  those  of  last  year,  and,  the  expenditure  having  been  judiciously 
limited,  the  balance  at  the  bankers  has  increased. 

With  regard  to  the  useful  work  executed,  they  may  mention  that  much 
time  was  occupied  in  settling,  with  great  care,  the  principles  upon  which 
the  Ventilators'  Committee  should  continue  their  researches,  and  the  mode 
in  which  the  experiments  should  be  conducted  ;  but  a  satisfactory  system 
has  at  length  been  arrived  at  for  prosecuting  this  important  inquiry  into 
the  merits  of  the  various  classes  of  ventilators  before  the  public,  and  the 
Committee  have  reported  progress. 

There  have  been  no  excursions  away  from  the  district  during  the 
year,  but  a  very  instructive  visit  was  made  to  the  Browney  Colliery,  on 
the  invitation  of  Messrs.  Bell  Brothers,  where  they  were  received  by 
Mr.  A.  L.  Steavenson,  the  Chief  Engineer  of  the  Company,  and  inspected 
an  apparatus  for  saving  labour  in  the  manufacture  of  coke,  the  invention 
of  Messrs.  Bell,  Harle,  and  Cleugh. 

The  Proceedings  have  reached  their  usual  high  standard  of  excellence. 

Mr.  Kendall  has  contributed  a  most  complete  and  exhaustive  descrip- 
tion of  the  Hematite  Deposits  of  West  Cumberland,  which  is  especially 
valuable,  as  it  is  a  district  which  has  not  been  previously  treated  of  in 
the  Transactions. 

The  other  descriptive  papers  have  been  one  by  Mr.  A.  R.  Sawyer, 
"  On  the  Saarbriicken  Coal-field,"  and  another  by  Professor  Lebour  "  On 
the  Coal  and  Limestone  Series  of  Northumberland." 

The  papers  more  especially  connected  with  the  safety  of  mines  were 
an  exceedingly  valuable  and  interesting  communication  from  Professor 
Marreco  and  Mr.  Morrison — "  On  the  question  as  to  how  far  Coal  Dust,  as 
it  exists  in  the  Atmosphere  of  Pit  Workings,  is  Explosive,  whether  free  or 
not  from  the  presence  of  Gas."     This  paper,  illustrated  by  experiments 
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aud  followed  by  an  exhaustive  discussion,  forms  a  valuable  addition  to 
our  present  knowledge  of  this  very  important  subject.  A  paper  by  Mr. 
E.  H.  Liveing-,  describing  an  elegant  and  ingenious  instrument  for  the 
detection  of  small  quantities  of  gas ;  a  paper  by  Professor  Marreco, 
describing  a  self-recording  water  gauge  ;  the  papers  "  On  Rigg  and 
Meiklejon's  Coal-Cutting  Machine,"  and  "  Schmitt's  Revolving  Spiral 
Screen,"  by  Mr.  D.  P.  Morison  ;  "  On  a  Supply  of  Pure  Water  and 
Motive  Power  to  Towns,"  by  Mr.  Burns;  and  "On  the  Mathematical 
Theory  of  Amsler's  Planimeter,"  by  Professor  Aldis,  add  a  mass  of 
valuable  information  to  the  year's  Proceedings. 
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The  Finance  Committee  have  to  report  that  the  receipts  from  all  sources 
for  the  past  year  have  been  £2,138  lis.  10d.,  being  £61  15s.  2d.  in 
excess  of  those  of  the  previous  year,  which  were  £2,076  16s.  8d.  This 
is  due  partly  to  the  increased  value  of  investments,  which  has  more  than 
counterbalanced  the  falling  off  in  the  amount  of  the  subscriptions  received. 

The  members'  subscriptions  amounted  to  £1,709  10s.,  against  £1,783 
19s.  last  year,  showing  a  decrease  of  £74  9s. 

By  judicious  economy  the  expenditure  has  been  again  brought  below 
the  annual  receipts,  the  difference  being  £58  7s. 

The  Institute  continues  to  hold  134  shares  in  the  Institute  and  Coal 
Trade  Chambers'  Company,  Limited,  of  the  value  of  £2,680. 

G.  C.  GREENWELL. 
WILLIAM  COCHRANE. 
G.  B.  FORSTER, 
J.  B.  SIMPSON. 


ADVERTISEMENT. 


The  Institute  is  not,  as  a  body,  responsible  for  the  facts  and  opinions 
advanced  in  the  Papers  read,  and  in  the  Abstracts  of  Conversations 
which  occurred  at  the  Meetings  during  the  Session. 
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Db.  the  treasurer  in  account 


£  s.  d. 
To  750  Original  Members,  as  per  List  1878-79:— 

9  of  which  are  Life  Members,  one  having  paid  this  year         ...          ...         20  0  0 

741  @  £2  2s 1,556  2  0 


To  17  Ordinary  Members,  as  per  List  1878-79  : — 

8  (a)  £2  2s.  and  9  (a)  £3  3s 45     3     0 


To  12  Associate  Members,  as  per  List  1878-79,  (d),  £2  2s 25     4     0 


To  9  New  Ordinary  Members  @  £3  3s            28     7  0 

To  14  New  Associate  Members,  as  per  List  1878-79: — 

1  of  which  paid  as  Life  Member 20    0  0 

13  @£2  2s 27    6  0 

To  151  Old  Students,  as  per  List  1878-79  :— 

1             do.           paid  as  Member             ...         ...          ...         ...         ...  220 

150             do.           at£lls.              157  10  0 


To  14  New  Students,  as  per  List  1878-79.  @  £1  Is 14  14    0 

To  14  Subscribing  Collieries  do.  ...         ...         ...  ...         ...         71     8    0 


1,967  16    0 


To  Arrears,  as  per  last  Balance  Sheet  ...  ...         ...         ...       431  11     0 

Deduct — 
Irrecoverable  Arrears  not  inserted  in  1878-79  List  (Dead 

Kesigned,  &c.)         166  19     0 


Actual  Arrears  to  collect  1878-79 264  12    0 


£2,232     8     0 
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WITH  SUBSCRIPTIONS,  1878-79. 
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Do 
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Do 
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Do 
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Do 
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17 

By  11  Associate  Members  paid 
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2           Do. 
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0    6 
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TREASURER  IN  ACCOUNT  WITH  THE  NORTH  OF  ENGLAND 

Dr.  For  the  Year  ending 
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To      Do.      in  hands  of  Treasurer 

To      Do.  do.         Liquidators  of  District  Bank 

To  Bequest  of  the  late  R.  Stephenson,  Esq.,  invested  in  Shares  of  the  Insti 

tute  and  Coal  Trade  Chambers  Co.,  Limited 
To  further  Amount  invested  in  Shares  of  the  above  Company 


To  Dividend  of  8  per  cent,  on  134  Shares  of  £20  =  £2,680 

To  Rent  of  College  Class  Rooms,  less  Borough  Rates  ... 
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97 
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14  New  Students     14  14 


2,824  16    6 
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By  Watson  &  Son 

By  Books  for  Library,  in  addition  to  amount  paid  A.  Reid 

By  Publications  Returned 

By  Instruments    ... 


By  Bequest  of  the  late  R.   Stephenson,  Esq.,  invested  in  Shares  of  the 

Institute  and  Coal  Trade  Chambers  Co.,  Limited 
By  further  Amount  invested  in  Shares  of  the  above  Company 
By  Balance  in  hands  of  Liquidators  of  District  Bank 
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His  Grace  the  DUKE  OF  NORTHUMBERLAND. 

His  Grace  the  DUKE  OP  CLEVELAND. 

The  Most  Noble  the  MARQUESS  OP  LONDONDERRY. 

The  Right  Honourable  the  EARL  OP  LONSDALE. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OP  DURHAM. 

The  Right  Honourable  the  EARL  OP  RAVENSWORTH. 

The  Right  Honourable  the  LORD  WHARNCLIPFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 

WENTWORTH  B.  BEAUMONT,  Esq.,  M.P. 


icrnoratu  Members. 


The  Right  Honourable  the  EARL  OF  RAVENSWORTH 
WILLIAM  ALEXANDER,  Esq.,  Inspector  of  Mines,  Glasgow 

*  JAMES  P.  BAKER,  Esq.,  Inspector  of  Mines,  Wolverhampton 
JOSEPH  DICKINSON.  Esq.,  Inspector  of  Mines,  Manchester 
THOMAS  EVANS.  Esq.,   Inspector  of  Mines,  Pen-y-Bryn,  Duffield 

Road,  Derby 

*  HENRY  HALL,  Esq.,  Inspector  of  Mines,  Rainhill,  Prescott 

*  RALPH  MOORE,  Esq.,  Inspector  of  Mines,  Glasgow 
CHARLES  MORTON,  Esq.,  The  Grange,  St.  Paul's,  Southport 

*  THOMAS  E.  WALES,  Esq.,  Inspector  of  Mines,  Swansea    ... 

*  FRANK  N.  WARDELL,  Esq.,  Inspector  of  Mines,  Wath-on-Dearne 

near  Rotherham 

*  JAMES  WILLIS,  Esq.,  Inspector  of  Mines,  14,  Portland  Terrace 

Newcastle-on-Tyne  ...     *    ... 

THOMAS  WYNNE,  Esq.,  Inspector  of  Mines,  Manor  House,  Gnosall 

Stafford        - 

R.  P.  PHILIPSON,  Esq.,  Newcastle-upon-Tyne         

WARINGTON  W.  SMYTH,  Esq.,  28,  Jermyn  Street,  London 
The  Vert  Rev.  Dr.  LAKE,  Dean  of  Durham 

*  Prof.  W.  S.  ALDIS,  M.A.,  College  of  Physical  Science,  Newcastle 

*  „      G.  S.  BRADY,  M.D.,  F.L.S.  do.  do.       .. 

*  „      A.  FREIRE-MARRECO,  M.A.  do.  do.       .. 

*  „      A.  S.  HERSCHEL,  M.A.,  F.R.A.S.        do.  do.       .. 
M.  DE  BOUREUILLE,  Commandeur  de  la  Legion  d'Honneur,  Con 

seiller  d'etat,  Inspecteur  General  des  Mines,  Paris 
Dr.  H.  VON  DECHEN,  Berghauptmann,  Ritter,  etc.,  Bon-an-Rhine 

Prussia 
M.  THEOPHILE  GUIBAL,  School  of  Mines,  Mons,  Belgium 
M.  E.  VUILLEMIN,  Mines  d'Aniche  (Nord),  France 
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lift  Ufcmkra. 


C.  W.  BARTHOLOMEW,  Esq.,  Blakesley  Hall,  near  Towcester 

DAVID  BURNS,  Esq.,  C.E.,  Brookside,  Haltwhistle 

E.  B.  COXE,  Esq.,  Drifton,  Jeddo,  P.O.,  Luzerne  Co.,  Penns.,  U.S 

ERNEST  HAGUE,  Esq.,  Castle  Dyke,  Sheffield  

G.  C.  HEWITT,  Coalpit  Heath  Colliery,  near  Bristol 
HENRY  LAPORTE,  Esq.,  M.E.,  80,  Rue  Royale,  Brussels  ... 
NATHAN  MILLER,  Kurhurballa  Collieries,  East  Indian  Railway 

Chord  Line,  Bengal 
H.  J.  MORTON,  Esq.,  4,  Royal  Crescent,  Scarborough 
W.  A.  POTTER,  Esq.,  Cramlington  House,  Northumberland 
R.  CLIFFORD  SMITH,  Esq.,  Parkfield,  Swinton,  Manchester 
*  Honorary  Members  during  term  of  office  only. 
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OFFICERS,    1879-80 


Ipraitat 

G.  C.  GREENWELL,  Esq.,  F.G.S.,  Tyncmouth. 


$m-]§xtmhmU. 


I.  LOWTHIAN  BELL,  Esq.,  M.P.,  Rounton  Grange,  Northallerton. 
WM.  COCHRANE,  Esq.,  St.  John's  Chambers,  Grainger  Street  West, 

Newcastle-on-Tyne. 
G.  B.  FORSTER,  Esq.,  Backworth  House,  Newcastle-on-Tyne. 
JOHN  MARLEY,  Esq.,  Mining  Offices,  Darlington. 
J.  B.  SIMPSON,  Esq.,  Hedgefield  House,  Blaydon-on-Tyne. 
A.  L.  STEAVENSON,  Esq.,  Durham. 

tfmuuxL 

T.  W.  BENSON,  Esq ,  11,  Newgate  Street,  Newcastle-on-Tyne. 

R.  F.  BOYD,  Esq.,  Moor  House,  Fence  Houses. 

T.  FORSTER  BROWN,  Esq.,  Guild  Hall  Chambers,  Cardiff. 

V.  W.  CORBETT,  Esq.,  Seaton  House,  Seaham  Harbour. 

S.  B.  COXON,  Esq.,  Usworth  Hall,  Washington  Station,  Co.  Durham. 

T.  L.  GALLOWAY,  Esq.,  1,  St.  Nicholas'  Buildings,  Newcastle-on-Tyne. 

W.  GREEN,  Jun.,  Esq.,  Thornelly  House,  Lintz  Green. 

THOS.  HAWTHORN,  Esq.,  98,  Rye  Hill,  Newcastle-on-Tyne. 

W.  H.  HEDLEY,  Esq.,  Medomsley,  Newcastle-on-Tyne. 

THOS.  HEPPELL,  Esq.,  Leafield  House,  Chester-le-Street. 

WM.  LISHMAN,  Esq.,  Bunker  Hill,  Fence  Houses. 

GEO.  MAY,  Esq.,  Harton  Colliery  Offices,  Tyne  Docks,  South  Shields. 

D.  P.  MORISON,  Esq.,  21,  Collingwood  Street,  Newcastle-on-Tyne. 

JAMES  NELSON,  Esq.,  Marine  and  Stationary  Engine  Works,  Gateshead. 

R.  S.  NEWALL,  Esq.,  Ferndene,  Gateshead. 

A.  M.  POTTER,  Esq.,  Shire  Moor  Colliery,  Newcastle-on-Tyne. 

J.  T.  RAMSAY;  Esq.,  Walbottle  Hall,  Blaydon-on-Tyne. 

J.  G.  WEEKS,  Esq.,  Bedlington  Colliery,  Bedlington. 

fSiE  W.  G.  ARMSTRONG,  C.B.,  LL.D.,  F.R.S.,  Jesmond/1 

Newcastle-on-Tyne.  p    , 

E.  F.  BOYD,  Esq.,  Moor  House,  Fence  Houses.  !  p      . ,     . 

,  Sir    GEO.    ELLIOT,  Bart.,  M.P.,    Houghton    Hall,    Fence  f rresiaeuts- 
Ex-officio  j  Houseg_ 

LINDSAYT  WOOD,  Esq.,  Southill,  Chester-le-Street.  J 

|  CHARLES  MITCHELL,  Esq.,  Jesmoml,  Newcastle-on-  (         Retiring 
^  Tyne.  j  Vice-President. 

THEO.  WOOD  BUNNING,  Neville  Hall.  Newcastle-on-Tyr.e. 


%ni  of  fjpmbm* 

AUGUST,  1879. 


(Bx'iQiml  y$zmktx%. 


Dec. 

6,  1873 

1854 

Aug. 

7,  1875 

M*y 

6,  1876 

Mar. 

2,  1865 

Feb. 

1,1868 

Aug. 

21, 1852 

Aug. 

21,  1852 

Oct. 

5,  1872 

Aug. 

1,  1861 

July 

2,  1872 

Marked  (')  are  Life  Members. 

1  Adams,  G.  F.,  Guild  Hall  Chambers,  Cardiff 

2  Adams,  W.,  Cambridge  House,  Park  Place,  Cardiff 

3  Adams  ox,  DANIEL,  Engineering  Works,  Hyde  Junction,  Manchester  Aug. 

4  Addt,  W.  F.,  Dronfield,  near  Sheffield  ... 

5  Aitkix,  Hexet,  Falkirk,  N.B 

6  Allisox,  T.,  Belmont  Mines,  Guisbro'    ... 

7  Axdeesox,  C.  W.,  Sea  View,  South  Shields 

8  Andersox,  William,  Rainton  Colliery,  Fence  Houses 

9  Andrews,  Hugh,  Felton  Park,  Felton,  Northumberland 

10  Appleby,  C.  E.,  Charing   Cross   Chambers,  Duke   Street,   Adelphi, 

London,  W.C 

11  Archer,  T.,  Dunston  Engine  Works,  Gateshead 

12  Armstrong,  Sir  W.  G.,  C.B.,  LL.D.,  F.R.S.,  Jesmond,  Newcastle- 

upon-Tyne  (Past  Presidext,  Member  of  Council)  May  3,1866 

13  Armstroxg,  Wm.,  Sen.,  Pelaw  House,  Chester-le-Street         Aug.  21,  1852 

14  Armstroxg,  W.,  Junior,  Wingate,  Co.  Durham  April   7,  1867 

15  Armstroxg,  W.  L.,  Leighs  Wood  Colliery  Co.  Ld.,  Aldridge,  nr.  Walsall  Mar.  3,  1864 

16  Arthur,  David  M.  E.,  Accrington.  near  Manchester Aug.  4,  1877 

17  Ashwell,  H.,  Anchor  Colliery,  Longton,  North  Staffordshire            ...  Mar.  6,  1862 

18  Ashworth,  James,  56,  Upper  Duke  Street,  Southport           Feb.  5,  1876 

19  Ashworth,  Johx,  Jun.,  81,  Bridge  Street,  Manchester          Sept.  2,1876 

20  Asquith,  T.  W.,  Seaton  Delaval  Colliery,  Northumberland Feb.  2,  1867 

21  Atkixson,  J.  B.,  Ridley  Mill,  Stocksfield-on-Tyne       Mar.  5,1870 

22  Atkixsox,  W.  N.,  Chilton  Moor,  Fence  Houses            June  6,1868 

23  Aubrey,  R.  C,  Salisbury  Terrace,  Garforth,  uear  Leeds         Feb.  5,1870 

24  Austixe,  Johx,  Cadzow  Coal  Co.,  Glasgow       Nov.  4,  1876 

25  Ayxsley,  Wm.,  Birtley,  Chester-le-Street          M«r.  3,1873 

26  Bagley,  Chas.  Johx,  Tees  Bridge  Iron  Co.,  Stockton  June  5,1875 

27  Bailes,  George,  Murton  Colliery,  Sunderland  Feb.  3,1877 

28  Bailes,  John,  Wingate  Colliery,  Ferry  hill        Sept.  5,1868 

29  Bailes,  T.,  Junior,  41,  Lovaine  Place,  Newcastle-on-Tyne     Oct.  7,1858 

30  Bailes,  W.,  Murton  Colliery,  Sunderland  April  7,  1877 

31  Bailey,  G.,  St.  John's  Colliery,  Wakefield        June  5,1869 

32  Bailey,  Samuel,  Perry  Barr,  Birmingham      June  2,1859 
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33  Bain,  It.  Donald,  Newport,  Monmouthshire Mar.     3,1873 

34  Bainbridge,  E.,  Nuimery  Colliery  Offices,  Sheffield Dec.     3,1863 

35  Banks,  Thomas,  Leigh,  near  Manchester         Aug.   4,  1877 

36  Barclay,  A.,  Caledonia  Foundry,  Kilmarnock  Dec.     6,1866 

37  Barkus,  Wm,  1,  St.  Nicholas'  Buildings,  Newcastle-on-Tyne  ...  Aug.  21,  1852 

38  Barnes,  T.,  Seaton  Delaval  Office,  Quay,  Newcastle-on-Tyne  ...  Oct.     7,1871 

39  Barrat,  A.  J.,  Ruabon  Coal  Co.,  Ruabon  Sept.  11,  1875 

40  Bartholomew,  C,  Castle  Hill  House,  Ealing,  London,  W Aug.    5,  1853 

41*Bartholomew,  C.  W.,  Blakesley  Hall,  near  Towcester  Dec.    4,1875 

42  Bassett,  A.,  Tredegar  Mineral  Estate  Office,  Cardiff 1854 

43  Bates,  Matthew,  Bews  Hill,  Blaydon-on-Tyne  Mar.    3,1873 

44  Bates,  Thomas,  Heddon,  Wylain,  Northumberland Mar.    3,1873 

45  Bates,  W.  J.,  Old  Axwell,  Whickham,  Gateshead-on-Tyne Mar.    3,1873 

46  Bate y,  JonN,  Newbury  Collieries,  Coleford,  Bath       Dec.     5,1868 

47  Beanlands,  A.,  M. A.,  North  Bailey,  Durham Mar.    7,1867 

48  Beaumont,  James,  M.E.,  Oughtbridge,  near  Sheffield  Nov.    7,1874 

49  Bell,  I.  L.,  M.P.,  Rounton  Grange,  Northallerton(  Vice-President)  July    6,  1854 

50  Bell,  John  (Messrs.  Bell  Brothers),  Middlesbro'-on-Tees      Oct.     1,1857 

51  Bell,  Thomas,  Crosby  Court,  Northallerton Sept.    3,1870 

52  Bell,  T.,  Jun.  (Messrs.  Bell  Brothers),  Middlesbro'-on-Tees Mar.    7,  1867 

53  Benson,  J.  G.,  Accountant,  Newcastle-on-Tyne  Nov.    7,1874 

54  Benson,  T.  W.,  11,  Newgate  Street,  Newcastle  (Member  of  Council)  Aug.    2,  1866 

55  Berkley,  C,  Marley  Hill  Colliery,  Gateshead Aug.  21, 1852 

56  Berryman,  Robert         Aug.    5,1876 

57  Beswicke,  Wm.,  South  Parade,  Rochdale         Sept.  11,  1875 

58  Bewick,  T.  J.,  M.  Inst.  C.E.,  F.G.S.,  Haydon  Bridge,  Northumberland  April   5,  1860 

59  Bidder,  B.  P.,  c/o  C.  J.  Ryland,  3,  Small  Street,  Bristol        May     2,  1867 

60  Bigland,  J.,  Bedford  Lodge,  Bishop  Auckland  June    4,  1857 

61  Binns,  C,  Claycross,  Derbyshire July     6,1854 

62  Biram,  B.,  Peaseley  Cross  Collieries,  St.  Helen's,  Lancashire  . . .  1856 

63  Black,  James,  Jun.,  Portobello  Foundry,  Sunderland  Sept.    2,  1871 

64  Black,  W.,  Hedworth  Villa,  South  Shields       April  2,  1870 

65  Bolam,  H.  G.,  Little  Ingestre,  Stafford Mar.    6,1875 

66  Bolton,  H.  H.,  Newclmrch  Collieries,  near  Manchester         Dec.     5,1868 

67  Boot,  J.  T.,  M.E.,  Westfield  House,  Sutton,  near  Mansfield April  1,  1871 

68  Booth,  R.  L.,  Ashington  Colliery,  near  Morpeth         1861 

69  Borries,  Theo.,  Lombard  Street,  Quay,  Newcastle-on-Tyne April  11, 1874 

70  Bourne,  Peter,  39,  Rodney  Street,  Liverpool 1854 

71  Bourne,  Thos.  W.,  Broseley,  Salop       Sept.  11,  1875 

72  Boyd,  E.  F.,  Moor  House,  Fence  Houses  (Past  Pres.,  Mem.  of  Council)  Aug.  21,  1852 

73  Boyd,  R.  F.,  Moor  House,  Fence  Houses  . . .  (Member  of  Council  J  Nov.    6,  1869 

74  Boyd,  Wm.,  74,  Jesmond  Road,  Newcastle-on-Tyne Feb.     2,  1867 

75  Bradford,  Geo.,  Etherley,  Bishop  Auckland Oct.   11,1873 

76  Breckon,  J.  R.,  Park  Place,  Sunderland  Sept.    3,1864 

77  Brettell,  T.,  Mine  Agent,  Dudley,  Worcestershire Nov.    3,1866 

78  Brogden,  J 1861 

79  Bromilow,  Wm.,  Queen's  Road,  Southport,  Lancashire         ...         ...   Sept.    2,  1876 
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80  Brown,  E.,  79,  Clay  ton  Street,  Newcastle-on-Tyne     Mar.  7,1874 

81  Brown,  John,  Littleworth  House,  Hednesford,  near  Stafford           ...  Oct.  5,  1854 

82  Brown,  J.  N,  56,  Union  Passage,  New  Street,  Birmingham             ...  1861 

83  Brown,   Thos.    Foester,    Guild   Hall   Chambers,   Cardiff 

('Member  of  Council)  1861 

84  Browne,  B.  C,  Asso.  M.I.C.E.,  No.  Granville  Road,  Jesmond,  N'castle  Oct.  1,  1870 

85  Bruton,  W.,  Whitwood,  Nornianton,  Streethouse  Colls.,  nr.  Normanton  Feb.  6,  1869 

86  Bryham,  William,  Rosebridge  Colliery,  Wigan         Aug.  1,  1861 

87  Bryham,  W.,  Jun.,  Douglas  Bank  Collieries,  Wigan              Aug.  3,1865 

8S  Bunning,   Theo.    Wood,   Neville   Hall,   Newcastle-on-Tyne 

(Secretary  and  Treasurer)  1864 

S9*Burns,  David,  C.E.,  Brookside,  Haltwkistle May  5,1877 

90  Burrows,  James,  Douglas  Bank,  Wigan,  Lancashire May  2,1867 

91  Burrows,  J.  S.,  Green  Hall,  Athertou,  Manchester     Oct.  11,1873 


92  Caldwell,  George,  Moss  Hall  Colliery,  near  Wigan  Mar. 

93  Campbell,  W.  B.,  Consulting  Engineer,  Grey  Street,  Newcastle      ...  Oct. 

94  Carr,  Wm.  Cochran,  South  Benwell,  Newcastle-on-Tyne     ...         ...  Dec. 

95  Carrington,  T.,  Jun.,  High  Hazels,  Darnal,  near  Sheffield Aug. 

96  Catron,  J.,  Brotton  Hall,  Saltburn-by-the-Sea  ...         ...         ...  Nov. 

97  Chadborn,  B.  T.,  Pinxton  Collieries,  Alfreton,  Derbyshire    ... 

98  Chadwick,  W.  H.,  Bank  Colliery,  Little  Hulton,  nr.  Bolton,  Lancashire  Dec. 


99  Chambers,  A.  M.,  Thorncliffe  Iron  Works,  near  Sheffield 

100  Chapman,  M.,  Plashetts  Colliery,  Northumberland 

101  Charlton,  E.,  Evenwood  Colliery,  Bishop  Auckland  . . . 

102  Charlton,  F.,  C.E.,  Moot  Hall,  Newcastle-on-Tyne    ... 

103  Charlton,  George,  Washington  Colliery,  Co.  Durham 

104  Checkley,  Thomas,  M.E.,  Lichfield  Street,  Walsall  ... 

105  Ciieesman,  I.,  Throckley  Colliery,  Newcastle-on-Tyne 

106  Cheesman,  W.  T.,  Wire  Rope  Manufacturer,  Hartlepool 

107  Childe,  Rowland,  Wakefield,  Yorkshire 

108  Clarence,  Thomas,  Elswick  Colliery,  Newcastle-on-Tyne 

109  Clabk,  C.  F.,  Garswood  Coal  and  Iron  Co.,  near  Wigan 


Mar. 
Aug. 
Sept. 
Sept. 
Feb. 
Aug. 
Feb. 
Feb. 
May 
Dec. 
Au°r. 


110  Clabk,  G.,  Chesterton  Coal  &  Iron  Co.  Ld.,  Chesterton,  No.  Staff ords.  Dec. 

111  Clark,  G.,  Jun.,  Southwick  Engine  Works,  Sunderland         Dec. 

112  Clark,  R.  B.,  Marley  Hill,  near  Gateshead       May 

113  Clark,  W.,  M.E.,  The  Grange,  Teversall,  near  Mansfield       April 

114  Clarke,  William,  Victoria  Engine  Works,  Gateshead         Dec. 

115  Clifft,  J.  H.,  26,  Devonshire  Street.  High  Broughton,  Manchester...  May 

116  Cochrane,  B.,  Aldin  Grange.  Durham Dec. 

117  Cochrane,  C,  The  Grange,  Stourbridge  June 

118  Cochrane,  W.,  St.  John's  Chambers,  Grainger  Street  West,  Newcastle 

(Vice-President) 

119  Cockburn,  G.,  8,  Summerhill  Grove,  Newcastle-on-Tyne       Dec. 

120  Cockburn,  W.,  Huntcliffe  House,  Saltburn-by-the-Sea  Oct. 

121  Coe,  W.  S.,  Newchapel  Colliery,  Tunstall  Feb. 

122  Coke,  R.  G.,  Brimington  Hall,  near  Chesterfield  May 


6,  1869 

7,  1876 

3,  1857 
1,  1861 
3, 1866 

1864 

4,  1875 
6,  1869 
1,  1868 
5,1868 
2, 1871 

6,  1875 

7,  1869 
1,  1873 
5, 1876 

15,  1862 

4,  1875 

2. 1866 

7. 1867 
6,  1873 
3,  1873 

7. 1866 

7. 1867 
6, 1876 
6,  1866 
3,  1857 

1859 
6,  1866 
1, 1859 

5,  1876 
5, 1856 
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128  Coib,  Riohaed,  Walker  Colliery,  near  Newcaatle-on-Tyne    ...  ..  April  5,1873 

124  Cole,  Robert  Heath,  Scholar  Green,  Stoke-upon-Trent       Feb.     5,1876 

125  Cole,  W.  It.,  Broomfickl,  Jesmond,  Newcastle-on-Tyne         Oct.     1, 1857 

126  Collis,  W.  B.,  Swinford  House,  Stourbridge,  Worcestershire  ...   Juno    6,1861 

127  Cook,  J.,  Jun.,  Washington  Iron  Works,  Gateshead May    8,1869 

128  Cooke,  John,  North  Brancepeth  Colliery,  near  Durham        Nov.    1,1860 

129  Cooksey,  Joseph,  West  Bromwich,  Staffordshire       Aug.    3,1865 

130  Cooper,  P.,  Thornley  Colliery  Office,  Ferryhill Dec.     3,1857 

131  Cooper,  R.  E.,  C.E.,  1,  Westminster  Chambers,  Victoria  Street,  London  Mar.    4,  1871 

132  Cooper,  T.,  Rosehill,  Botherham,  Yorkshire      April   2,  1863 

183  Cope,  James,  Port  Vale,  Longport,  Staffordshire        Oct.     5,1872 

134  Coebett,  V.  W.,  Seaton  House,  Seaham  Harbour  (Mem.  of  Council)  Sept.    3,  1870 

135  Corbitt,  M.,  Wire  Rope  Manufacturer,  Teams,  Gateshead     ...  ...   Dec.     4,  1875 

136  Coulson,  F.,  Shamrock  House,  Durham  Aug.    1,1868 

137  Cotjlson,  W.,  Shamrock  Hoiise,  Durham  Oct.      1,1852 

138  Cowen,  Jos.,  M. P.,  Blaydon  Burn,  Newcastle-on-Tyne  Oct.     5,1854 

139  Cowey,  John,  Wearmouth  Colliery,  Sunderland  Nov.    2,  1872 

140  Cowlishaw,  J.,  Thorncliffe,  &c,  Collieries,  near  Sheffield      Mar.     7.  1867 

141  Cox,  John  H.,  10,  St.  George's  Square,  Sunderland     Feb.    6,1875 

142*Coxe,  E.  B.,  Drifton,  Jeddo,  P.  0.  Luzerne  Co.,  Perms.,  U.S.  ...  Feb.     1,  1873 

143  Coxon,  Henry,  Quay,  Newcastle-on-Tyne        Sept.    2,1871 

144  Coxon,   S.  B.,  Usworth  Colliery,  Washington  Station,  Co.  Durham 

(Member  of  Council)  June    5, 1856 

145  Craig,  W.  Y.,  Palace  Chambers,  St.  Stephen's,  Westminster,  London  Nov.    3,  1866 

146  Crawford,  T.,  Littletown  Colliery,  near  Durham 

147  Crawford,  T.,  3,  Grasmere  Street,  Gateshead-on-Tyne 

148  Crawford,  T.,  Jun.  Littletown  Colliery,  near  Durham 

149  Crawshay,  E.,  Gateshead-on-Tyne         

150  Crawshay,  G.,  Gateshead-on-Tyne        

151  Crofton,  J,  G.,  Esh  Colliery,  Durham 

152  Crone,  E.  W.,  Killingworth  Hall,  near  Newcastle-on-Tyne    ... 

153  Crone,  J.  R.,  Tow  Law,  via  Darlington 

154  Crone,  S.  C,  Killingworth  Colliery,  Newcastle  

155  Cross,  John,  78,  Cross  Street,  Manchester        

156  Croudace,  C.  J.,  The  Laurels,  Newton,  by  Chester 

157  Croudace,  John,  West  House,  Haltwhistle     

158  Croudace,  Thomas,  Lambton  Lodge,  New  South  Wales       

159  Dabu RON,  Mons.,  Ingenieur  aux  Mines  de  Lens,  Pas  de  Calais 

160  Daglish,  John,  Marsden,  South  Shields  

161  Daglish,  W.  S.,  Solicitor,  Newcastle-on-Tyne 

162  Dakers,  J.,  Chilton  Colliery,  Ferryhill 

163  Dale,  David,  West  Lodge,  Darlington 

164  D'Andrimont,  T.,  Liege,  Belgium  

165  Daniel,  W.,  37,  Camp  Road,  Leeds        

166  Darling,  Fenwick,  South  Durham  Colliery,  Darlington       

167  Darlington,  John,  2,  Coleman  Street  Buildings,  Moorgate  Street, 

Great  Swan  Alley,  London    ... 


Aug. 

21,  1852 

Sept. 

3,  1864 

Aug. 

7,  1869 

Dec. 

4,  1869 

Dec. 

4,  1869 

Feb. 

7,  1861 

Mar. 

5, 1870 

Feb. 

1,  1868 

1853 

June 

5,  1869 

Nov. 

2,  1872 

June 

7, 1873 

1862 

May 

1, 1875 

Aug. 

21, 1852 

July 

2, 1872 

April 

11, 1874 

Feb. 

5, 1870 

Sept. 

3,  1870 

June 

4, 1870 

Nov. 

6, 1875 

April 

1,  1865 

(xxiv) 


168  Darlington,  J.,  Black  Park  Colliery  Co.  Limited,  Ruabon 

169  Da vey,  Henry,  C.E.,  Leeds        

170  Davidson,  James,  Newbattle  Colliery,  Dalkeith  

171  Davis,  David,  Coal  Owner,  Maesyffynon,  Aberdare     ... 

172  Davison,  George 

173  Day,  W.  H.,  Eversley  Garth,  So.  Milford  

174  Deacon,  Maurice 

175  Dees,  R.  R.,  Solicitor,  Nevvcastle-on-Tyne 

176  Dickinson,  G.  T.,  Wheelbirks.  Northumberland 

177  Dickinson,  R.,  Coal  Owner,  Shotley  Bridge,  Co.  Durham 

178  Dixon,  D.  W.,  Brotton  Mines,  Saltburn-by-the-Sea     

179  Dixon,  Nich.,  Dudley  Colliery,  Dudley,  Northumberland      

180  Dixon,  R.,  Wire  Rope  Manufacturer",  Teams,  Gateshead 

181  Dobson,  W.,  14,  Ashfield  Terrace  West,  Newcastle- on -Tyne 

182  Dodd,  B.,  Bearpark  Colliery,  near  Durham       

183  Dodds,  J.,  M.P.,  Stockton-on-Tees  

184  Douglas,  C.  P.,  Consett  House,  Consett,  Co.  Durham 

185  Douglas,  T.,  Peases' West  Collieries,  Darlington        

186  Douthwaite,  T.,  Merthyr  Vale  Colliery,  Merthyr  Tydvil       

187  Dove,  G.,  Viewfield,  Stanwix,  Carlisle    ... 

188  Dowdeswell,  H.,  Butterknowle  Colliery,  via  Darlington 

189  Dyson,  George,  Middlesborough  

190  Dyson,  0.,  Houghton  Main  Colliery,  Darfield,  near  Barnsley 

191  Easton,  J.,  Nest  House,  Gateshead 

192  Eckersley,  Nathaniel,  Standish  Hall,  Wigan  

193  Eddison,  Kobert  W.,  Steam  Plough  Works,  Leeds    ... 

194  Eland,  J.  S.,  Accountant,  Newcastle-on  Tyne  ... 

195  Elliot,  Sir  George,  Bart.,  M.P.,  Houghton  Hall,  Fence  Houses 

(Past  President,  Member  of  Council)  Aug 

196  Elliot,  W.  S.,  Marlowes  House,  Hemel  Hampstead,  Hertfordshire 

197  Elliott,  W.  Tudhoe  House,  Durham     ... 

198  Elsdon,  Robert,  76,  Manor  Road,  Upper  New  Cross,  London 

199  Embleton,  T.  W.,  The  Cedars,  Methley,  Leeds  

200  Embleton,  T.  W.,  Jun.,  Tin*  Cedars,  Methley,  Leeds 

201  Eminson,  J.  B.,  Londonderry  Offices,  Seaham  Harbour 

202  Eveeard,  I.  B.,  M.E.,  6,  Millstone  Lane,  Leicester      

203  Farmer,  A.,  So.  Durham  Fitting  Offices,  West  Hartlepool     . . . 

204  Farrar,  James,  Old  Foundry,  Barnsley 

205  Favell,  Thomas  M.,  14,  Saville  Street,  North  Shields 

206  Fearn,  John  Wilmot,  Chesterfield       

207  Fenwick,  Barnabas,  Team  Colliery,  Gateshead 

208  Fenwick,  George,  Banker,  Newcastle-on-Tyne  

209  Fenwick,  Thomas,  East  Pontop  Colliery,  by  Lintz  Green     . . . 

210  Ferens,  Robinson,  Oswald  Hall,  near  Durham 

211  Fidler,  E.,  Piatt  Lane  Colliery,  Wigan,  Lancashire   ... 

212  Fisher,  R.  C,  The  Wern,  Ystalyf era,  Swansea... 


ELECTED. 
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11, 1873 
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Nov. 
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July 
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2,  1872 

Sept. 
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Sept. 
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21,  1852 
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Sept. 
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5,  1873 
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7, 1877 

Sept. 

1, 1866 

July 

2,  1872 

(XXV) 


213  Fletcher,  Geo.,  Hamsteels  Colliery,  near  Durham                               A-;.'-.  1,  1S71 

214  Fletoheb,  H.,  Ladyshore  Coll.,  Little  Lever,  Bolton,  Lancashire    ...  Aug.  3,1865 

215  Fletcher,  Jas.,  Manager  Co-operative  Collieries,    Wallsend,    near 

Newcastle,  New  South  Wales  Sept.  11, 1875 

210  Fletoheb,  J.,  Kelton  House,  Dumfries            July  2,1872 

217  Fletoheb,  W.,  Waterhead,  Ambleside Feb.  4,1871 

218  Foggin,  William,  Pensher  Colliery,  Pence  Houses     ...         ...         ...  Mar.  6,1875 

219  Fobbest,  J.,  Assoc.  Inst.  C.E.,  Pentrehobin  Hall,  Mold,  Flintshire    ...  Mar.  5,1870 

220  Forster,  G.  B.,  M.A.,  Backworth  Honse,  near  Newcastle-upon-Tyne 

(Vice-Pbesident)  Nov.  5,1852 

221  Forster,  J.  R.,  Water  Co.'s  Office,  Newcastle-on-Tyne          July  2,1872 

222  Forster,  J.  T.,  Waldridgc  Colliery,  Chestcr-le-Street             Aug.  1,1868 

223  Forster,  Richard,  51,  Quayside,  Newcastle-on-Tyne            ...         ...  Oct.  5,1872 

224  Forster,  R.,  South  Hetton,  Fence  Houses       Sept.  5,1868 

225  Foster,  George,  Osmondthorpe  Colliery,  near  Leeds  .. .         ...         ...  Mar.  7,1874 

226  Fothergill,  J.,  King  Street,  Quay,  Newcastle-on-Tyne         Aug.  7,1862 

227  France,  Francis,  St.  Helen's  Colliery  Co.  Ld.,  St.  Helen's,  Lancashire  Sept.  1,  1877 
22S  France,  W.,  Lofthouse  Mines,  Saltburn-by-the-Sea April  6,  1867 

229  Franks,  George,  Victoria  Garesfield,  Lintz  Green      ...         ...          ...   Feb.  6,1875 

230  Frazier,  Prof.  B.  W.,  Lehigh  University,  Bethlehem,  Penns.,  U.S..  Nov.  2,  1872 

231  Furness,    H.    D.,    Close    House,    Ravensworth,   Gateshead-on-Tyne  Dec.  2,  1871 

232  Galloway,  R.  L.,  Ryton-on-Tyne  Dec.    6,1873 

233  Galloway,  T.  Lindsay,  M.A.,  1,  St.  Nicholas'  Buildings,  Newcastle- 

on-Tyne  (Member  of  Council)  Sept.   2,1876 

234  Gardner,  Walter,  M.E.,  The  Stone  House,  Rugeley  

235  Gerrard,  John,  Westgate,  Wakefield 

236  Gibson,  John,  Ryhope  Colliery,  near  Sunderland 

237  Gill,  Harry,  Consulting  Engineer,  Newcastle-on-Tyne         

238  Gillett,  F.  C,  Midland  Road,  Derby 

239  Gilmour,  D.,  Portland  Colliery,  Kilmarnock    ... 

240  Gilpin,  Edwin,  26,  Spring  Gardens,  Halifax,  Nova  Scotia    ... 

241  Gilroy,  G.,  Ince  Hall  Colliery,  Wigan,  Lancashire 

242  Gilroy,  S.  B.,  M.E.,  Powell  Duffryn  Collieries,  Aberdare       

243  Gjers,  John,  Southfield  Villas,  Middlesbro'      

244  Goddard,  F.  R.,  Accountant,  Newcastle-on-Tyne 

245  Goocn,  G.  H,  Lintz  Colliery,  Burnopfield,  Gateshead... 

246  Goodman,  A.,  Walker  Iron  Works,  Newcastle-on-Tyne 

247  Gordon,  James  N.,  c/o  W.  Nicolson,  5,  Jeffrey's  Square,  St.   Mary 

Axe,  London,  E.C. 

248  Gott,  William  L.  

249  Grace,  E.  N.,  Dhadka,  Assensole,  Bengal,  India  

250  Grant,  J.  H,  District  Engineer,  Beerbhoon,  Bengal,  India    ... 

251  Gray,  Thomas,  Underbill,  Taibach,  South  Wales         

252  Greaves,  J.  0.,  M.E.,  St.  John's,  Wakefield 

253  Green,  J.  T.,  Abercarn  Fach,  near  Newport,  Monmouthshire 

254  Green,  W.,  Jun.,  Thornelly  House,  Lintz  Green  (Member  of  Council)  Feb.     4  1853 
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Sept. 

3,  1S64 
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Sept. 

4,  1869 

June 

5,  1869 

Aug. 

7,  1862 
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3,  1870 

Aug. 

2, 1866 
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4, 1S72 

Nov. 

7, 1874 
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Sept. 

5,  1868 

Nov. 

1,  1873 

July 

2,  1872 

(xxvi) 

255  Greener,  Joiin,  General  Manager,  Vale  Coll.,  Pictou,  Nova  Scotia  ...  Feb.  6,  1875 

256  Greener,  T.,  76,  Arlingford  Road,  Brixton,  London,  S.W Aug.  3,1865 

257  Gkkkmvell,  G.  C,  Tynemouth (President)  Aug.  21,  1852 

258  Greenwell,  G.  C.,  Jun.,  Poynton,  near  Stockport       Mar.  6,1869 

259  Greig,  D.,  Leeds 

260  Grey,  C  G.,  55,  Parliament  Street,  London 

261  Grieves,  D.,  Brancepeth  Colliery,  Willington,  County  Durham 

262  Griffith,  N.  R.,  Wrexham         

263  Grimshaw,  E.  J.,  Cowley  Hill,  St.  Helen's,  Lancashire 

264  Grimshaw,  W.  J.,  Stand  Lane  Colliery,  Radcliffe,  Manchester 

265  Ground,  H.  N.,  Redheugh  Colliery,  Gateshead-on-Tyne 

266  Guinotte,  Lucien,  Directeur  des  Charbonnages  de  Mariemont  et  de 

Bascoup,  Mons,  Belgium       Sept.  2,  1871 

267  Haggie,  D.  H.,  Wearmouth  Patent  Rope  Works,  Sunderland           ...  Mar.  4,  1876 

268  Haggie,  P.,  Gateshead      1854 

269*Hague,  Ernest,  Castle  Dyke,  Sheffield            Mar.  2,1872 

270  Haines,  J.  Richard,  Adderley  Green  Colliery,  near  Longton            ...  Nov.  7,  1874 

271  Hales,  C,  Nercpiis  Cottage,  Nerquis,  near  Mold,  Flintshire   ...         ...  1865 

272  Hall,  F.  W.,  1,  Eslington  Terrace,  Jesmond  Road,  Newcastle-on-Tyne  Aug.  7,  1869 

273  Hall,  George,  South  Garesfield  Colliery,  Lintz  Green           Mar.  6,1875 

274  Hall,  M.,  Lof thouse  Station  Collieries,  near  Wakefield          Sept.  5,  1868 

275  Hall,  M.  S.,  M.E.,  Westerton,  near  Bishop  Auckland  Feb.  14,  1874 

276  Hall,  W.,  Spring  Hill  Mines,  Cumberland  County,  Nova  Scotia       ...   Sept.  13, 1873 

277  Hall,  Wit,  Thornley  Colliery,  County  Durham          Dec.  4,1875 

278  Hall,  William  F.,  Haswell  Colliery,  Fence  Houses May  13,1858 

279  Hann,  Edmund,  Glanmoor  Villa,  Uplands,  Swansea   ...         ...         ...   Sept.  5,  186S 

280  Harbottle,  W.  H.,  Orrell  Colliery,  near  Wigan          Dec.  4,1875 

281  Hardy,  Jos.,  Preston  Colliery,  North  Shields June  2,  1877 

2S2  Hargreaves,  William,  Rothwell  Haigh,  Leeds         Sept.  5,1868 

283  Harle,  Richard,  Browney  Colliery,  Durham  ...         ...         ...          ...  April  7,1877 

2S4  Harle,  William,  Pagebauk  Colliery,  near  Durham Oct.  7,1876 

285  Harrison,  R.,  Eastwood,  near  Nottingham       ...         ...         ...         ...  1861 

286  Harrison,  T.,  Great  Western  Colliery,  Pontypridd,  Glamorganshire  Aug.  2,  1873 

287  Harrison,  T.  E.,  C.E.,  Central  Station,  Newcastle-on-Tyne May  6,  1853 

288  Harrison,  W.  B.,  Brownhills  Collieries,  near  Walsall            April  6,1867 

289  Haswell,  G.  H.,  11,  South  Preston  Terrace,  North  Shields Mar.  2,  1872 

290  Hawthorn,  T.,  98,  Rye  Hill,  Newcastle-on-Tyne  (Mem.  of  Council)  Dec.  6,  1866 

291  Hay,  J.,  Jun.,  Widdrington  Colliery,  Acklington         Sept,  4,1869 

292  Heckels,  Matthew,  Castle  Eden  Colliery,  Co.  Durham        April  11, 1874 

293  Heckels,  W.  J May  2,  186S 

294  Hedley,  Edw.,  2,  Church  Street,  London  Road,  Derby          Dec.  2, 1S58 

295  Hedley,  J.  J.,  Consett  Collieries,  Leadgate,  County  Durham           ...  April  6,  1872 

296  Hedley,  J.  L.,  3,  Elm  Vale,  Fairfield,  Liverpool          Feb.  5,1870 

297  Hedley,  T.  F.,  Valuer,  Sunderland         Mar.  4,1871 

298  Hedley,  W.  H.,  Consett  Collieries,  Medomsley,  Newcastle-on-Tyne 

(Member  of  Council)  1S64 


(xxvii) 

299  Henderson,  H.,  Pelton  Colliery,  Chester-le-Street 

300  Henderson,  John,  Leazcs  House,  Durham 

301  Heppell,  T.,  Leafield  House,  Birtley,  Fence  Houses  (Mem.  of  Council)  Aug 

302  Heppell,  W.,  Brancepeth  Colliery,  Willington,  County  Durham 

303  Herdman,  J.,  Park  Crescent,  Bridgend,  Glamorganshire 

304  HESIiOP,  C, .  Lingdale  Mines,  via  Ghiishorough  ... 

305  Heslop,  Grainger,  Wliitwell  Colliery,  Sunderland      

306  Heslop,  J.,  Hucknall  Torkard  Colliery,  near  Nottingham 

307  Hetherington,  D.,  Coxlodge  Colliery,  Ne\vcastle-on-Tyne    ... 
308*Hewitt,  G.  C,  Coal  Pit  Heath  Colliery,  near  Bristol 

309  Hewlett,  A.,  Haigh  Colliery,  Wigan,  Lancashire        

310  Hick,  G.  W.,  14,  Blenheim  Terrace,  Leeds        

311  Higson,  Jacob,  94,  Cross  Street,  Manchester 

312  Higson,  P.,  Crown  Chambers,  18,  Booth  Street,  Manchester... 

313  Hill,  Leslie  C,  Bartholomew  House,  London.  EC 

314  Hilton,  J.,  Standish  and  Shevington  Collieries,  near  Wigan 

315  Hilton,  T.  W.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan    . . . 

316  Hindmarsti,  Thomas,  Cowpen  Lodge,  Blyth,  Northumberland 

317  Hodgson,  J.  W.,  Dipton  Colliery,  via  Lintz  Green  Station    . . . 

318  Holding,  W.,  Brinsop  Hall  Coal  Co.,  Wigan 

319  Hollidat,  Martin,  M.E.,  Peases'  West  Collieries,  Crook 

320  Holmes,  C,  Grange  Hill,  near  Bishop  Auckland  

321  Homer,  Charles  J.,  Caverswall  Castle,  Stoke-on-Trent 

322  Hood,  A.,  6,  Bute  Crescent,  Cardiff        

323  Hope,  George,  Newbottle  Colliery,  Fence  Houses       

324  Hornsbt,  H,  Whitworth  Terrace,  via  Spennymoor,  Co.  Durham 

325  Horsley,  W.,  Whitehill  Point,  Percy  Main      

326  Hoskold,  H.  D.,  C.  and  M.E.,  F.R.G.S.,  F.G.S.,  M.  Soc.  A.,  &c. 

327  Howard,  W.  F.,  13,  Cavendish  Street,  Chesterfield      

328  Hudson,  James,  Albion  Mines,  Pictou,  Nova  Scotia    ... 

329  Hughes,  H.  E.,  Old  Durham  Colliery,  Durham  

330  Humble,  John,  West  Pelton,  Chester-le-Street  

331  Humble,  Jos.,  Staveley  Works,  near  Chesterfield 

332  Hunter,  J.,  Jun.,  Silkstone  and  Worsbro'  Park  Colls.,  nr.  Barnsley 

333  Hunter,  W.,  Monk  Bretton  Colliery,  near  Barnsley    ... 

334  Hunter,  Wm.,  31.  Grey  Street,  Newcastle       

335  Hunter,  W.  S.,  Moor  Lodge,  Newcastle-upon-Tyne 

336  Hunting,  Charles,  Fence  Houses         

337  Hurst,  T.   G.,  F.G.S.,  Lauder  Grange,  Corbridge-on-Tyne 

338  Jackson,  C.  G.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan  . . . 

339  Jackson,  W.,  Cannock  Chase  Collieries,  Walsall  

340  Jackson,  W.  G.,  Hazel  Farm,  Methley,  near  Leeds 

341  Jarratt,  J.,  Broomside  Colliery  Office,  Durham  

342  Jeffcock,  T.  W.,  IS,  Bank  Street,  Sheffield      

343  Jenkins,  W.,  M.E.,  Ocean  S.C.  Colls.,  Ystrad,  nr.  Pontypridd,  So.  Wales  Dec.     6,  1862 

344  Jenkins,  Wm.,  Consett  Iron  Works,  Consett,  Durham  ...         ...   May     2,  1874 
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(xxviii) 

ELECTED. 

345  Johnasson,  J.,  Leadenhall  Street,  London,  E.C July    2,1872 

346  Johnson,  Hbnby,  Dudley,  Worcestershire        Aug.    7,1869 

317  Johnson,  John,  M.  Inst.  C.E.,  P.G.S.,  21,  Victoria  Square,  Newcastle  Aug.  21,  1852 

348  Johnson,  J.,  Witley  Colliery  Co.  Ld.,  Halesowen,  nr.  Birmingham        Mar.    7,  1874 

349  Johnson,  R.  S.,  Sherburn  Hall,  Durham  

350  Johnston,  T.,  Deanmoor  Colliery  Co.,  by  Cockermouth 

351  Joicey,  John,  Newton  Hall,  Stocksfield-on-Tyne 

352  JoiCBY,  J.  Gr.,  Forth  Banks  West  Factory,  Xewcastle-on-Tyne 

353  JoiCEY,  W.  J.,  Tanlield  Lea  Colliery,  Burnopfield        

354  Jordan,  R  )bebt,   Ebbw  Yale,  South  Wales    ... 

355  Joseph,  D.  Davis,  Ty  Draw,  Pontypridd,  South  Wales 

356  Joseph,  T.,  Ty  Draw,  near  Pontypridd,  South  Wales  ... 

357  Kasalousky,  Josef  

358  Kelsey,  W.,  41,  Fawcett  Street,  Sunderland    ... 

359  Kendall,  John  D.,  Roper  Street,  Whitehaven  

360  Kennedy,  Myles,  M.E.,  Hill  Foot,  Ulverstone  

361  Kimpton,  J.  G.,  40,  St.  Mary's  Gate,  Derby      

362  Kiekby,  J.  W.,  Ashgrove,  Windygates,  Fife     

363  Kibkwood,  William,  Larkhall  Colliery,  Hamilton    ... 

364  Kibsopp,  John,  Team  Colliery,  Gateshead        ...         

365  Knowles,  A.,  High  Bank,  Pendlebury,  Manchester    ... 

366  Knowles,  John,  Westwood,  Pendlebury,  Manchester 

367  Knowles,  Thomas,  Ince  Hall,  Wigan  ...         

368  Kyeke,  R.  H.  V.,  Westminster  Chambers,  Wrexham 

369  Lackland,  J.  J.,  Albion  Street,  Hanley,  Staffordshire 

370  Laidler,  W.  J 

371  Lamb,  R.,  Cleator  Moor  Colliery,  near  Whitehaven 

372  Lamb,  R.  0.,  Gibside,  Lintz  Green,  Xewcastle-on-Tyne 

373  Lamb,  Richard  W.,  Coal  Owner,  Newcastle-on-Tyne... 

374  Lambert,  M.  W.,  9,  Queen  Street,  Xewcastle-on-Tyne 

375  Lancaster,  John,  Bilton  Grange,  Rugby        

376  Lancaster,  J.,  Jun.,  Airfield  House,  Willes  Road,  Leamington 

377  Lancaster,  S.,  Xantyglo  &  Blaina  Steam  Coal  Collieries,  Blaina,  Mon.  Aug.    3,  1S65 

378  Landale,  A.,  Lochgelly  Iron  Works,  Fifeshire,  X.B 

379*Laporte,  Henry,  M.E.,  80,  Rue  Royale,  Brussels      

380  Layeeick,  J.,  3,  Villette  Mount,  Toward  Road,  Sunderland   .. 

381  Layerick,  Robt.,  West  Rainton,  Fence  Houses  

382  Lawrence,  Henry,  Grange  Iron  Works,  Durham 

383  Laws,  H.,  Grainger  Street  West,  Xewcastle-on-Tyne 

384  Laws,  John,  Blyth,  Northumberland 

385  Lawson,  Rev.  E.,  Longhirst  Hall,  Morpeth 

386  Laycock,  Joseph,  Low  Gosforth,  Northumberland    ... 

387  Leather,  J.  T.,  Middleton  Hall,  Belford,  Xorthumberland  ... 

388  Lebour,  G.  A.,  M.A.,  F.G.S..  College  of  Physical  Science,  Xewcastle  Feb.     1,  1S73 

389  Lee,  Geobge,  Loftus-in-Cleveland         June    4,  1870 
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390  Leslie,  Andrew,  Hebburn,  Gateshead-on-Tyno 

391  Levee,  Ellis,  Bowdon,  Cheshire 

392  Lewis,  Henry,  Annesley  Colliery,  near  Nottingham  ... 

393  Lewis,  W.  II.,  3,  Bute  Crescent,  Cardiff  

394  Lewis,  William  Thomas,  Mardy,  Aherdarc 

395  Liddell,  G.  H.,  Somerset  House,  Whitehaven  

396  Liddell,  M.,  Prudhoc  Hall,  Prudhoe-on-Tyne 

397  Lindop,  James,  Bloxwich,  Walsall,  Staffordshire         

398  Linsley,  P.,  Cramlington  Colliery,  Northumberland  ... 

399  Linsley,  S.  W.,  Whitburn  Colliery,  Sunderland  

400  Lisiiman,  T.,  Jun.,  Hetton  Colliery,  Fence  Houses      

401  Lisiiman,  Wm.,  Witton-le-Wear... 

402  Lishman,  Wm.,  Bunker  Hill,  Fence  Houses        (Member  of  Coin 

403  Livesey,  C,  Bredbury  Colliery,  Bredbury,  Stockport 

404  Livesey,  T.,  Jun.,  Hatherlow  House,  Pomiley,  near  Stockport 

405  Llewellin,  D.,  Glanwern  Offices,  Pontypool,  Monmouthshire 

406  Llewelyn,  L.,  Risca  Collieries,  near  Newport,  Mon.  ... 

407  Logan,  William,  Langley  Park  Colliery,  Durham     

408  Longbotham,  J.,  Norley  Collieries,  near  Wigan 

409  Longridge,  J.  A.,  3,  Westminster  Chambers, Victoria  St.,  London,  S.W.  Aug.  21,1852 

410  Low,  W.,  Vron  Colliery,  Wrexham,  Denbighshire         ...         ...         ...   Sept.    6,1855 

411  Lupton,  A.,  F.G.S.,  Crossgates,  near  Leeds        Nov.    6,1869 

412  Mackenzie,  J.,  Ashgrove  Villa,  Ibroxholm,  Paisley  Road,  Glasgow  ...  Mar.  5,  1870 

413  Maddison,  Henhy,  The  Lindens,  Darlington Nov.  6,  1875 

414  Maling,  C.  T.,  Ford  Pottery,  Newcastle-on-Tyne        Oct.  5,1872 

415  Mammatt,  J.  E.,  C.E.,  St.  Andrew's  Chambers,  Leeds            1864 

416  Marley,  John,  Mining  Offices,  Darlington      ...    (Vice-President)  Aug.  21,  1852 

417  Maeley,  J.  W.,  Mining  Offices,  Darlington      Aug.  1,1868 

418  Marshall,  F.  C,  Messrs.  Hawthorn  &  Co.,  Newcastle          Aug.  2,  1866 

419  Marshall,  J 1864 

420  Marston,  W.  B.,  Leeswood  Vale  Oil  Works,  Mold     Oct.  3,1868 

421  Marten,  E.  B.,  C.E.,  Pedmore,  near  Stourbridge         July  2,1872 

422  Martin,  R.  F.,  Mount  Sorrel,  Loughborough April  11, 1874 

423  Matthews,  R.  F.,  Seaton  Carew,  West  Hartlepool     Mar.  5,  1857 

424  Maughan,  J.  A.,  Nerbudda  Coal  and  Iron  Co.  Limited,  Garrawarra, 

Central  Provinces,  India       ...         ...         ...         ...         ...         ...  Nov.    7,  1863 

425  Maughan,  J.  D.,  Hebburn  Colliery,  near  Newcastle-on-Tyne  ...   Nov.    4,  1876 

426  May,  George,  Harton  Colliery  Offices,  Tyne  Docks,  South  Shields 

(Member  of  Council)  Mar.  6,  1862 

427  McCreath,  J.,  95,  Bath  Street,  Glasgow  Mar.  5,1870 

428  McCulloch,  David,  Beech  Grove,  Kilmarnock,  N.B.  Dec.  4,1875 

429  McCulloch,  H.  J.,  Moat  House,  Wood  Green,  London,  N Oct.  1,  1863 

430  McCulloch,  W.,  178,  Gresham  House,  Old  Broad  Street,  Loudon,  E.C.  Nov.  7,  1874 

431  McGhie,  T.,  Cannock,  Staffordshire       Oct.  1,1857 

432  McMurtrie,  J.,  Radstock  Colliery,  Bath  Nov.    7,1863 

433  Meadows,  J.  M.,  11,  Eustace  Street,  Dublin Dec.     4,1875 
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434  Meik,  Thomas,  C.E.,  6,  York  Place,  Edinburgh  '  ...  June   4,1870 

435  Merivale,  J.  H.,  Neddcrton,  R.S.O.,  Northumberland           May  5,1877 

436  Miller,  Robert,  Strafford  Collieries,  near  Barnsley Mar.  2,1865 

437  Mills,  M.  H.,  Duckmanton  Lodge,  Chesterfield          Feb.  4,1871 

438  Mitchell,  Chas.,  Jesmond,  Newcastle-on-Tyne  (Member  of  Council)  April  11, 1874 

439  Mitchell,  Joseph,  Jun.,  Worsbro' Dale,  near  Barnsley        Feb,  14,1874 

440  Mitchinson,  R.,  Jun.,  Pontop  Coll.,  Lintz  Green  Station,  Co.  Durham  Feb.  4,  1865 

441  Moffatt,  T.,  Montreal  Iron  Ore  Works,  Whitehaven             Sept.  4,  1S69 

442  Monkhouse,  Jos.,  Yeat  House,  Frizington,  Whitehaven        ...         ...  June    4,  1863 

443  Moor,  T.,  Cambois  Colliery,  Blyth          Oct.  3,1868 

444  Moon,  W.,  Engineer,  Hetton  Colliery,  Fence  Houses  ...         ...         ...   Oct.  3,  1874 

415  Moor,  Wii.,  Jun.,  Hetton  Colliery,  Fence  Houses       July  2,  1872 

446  Moore,  R.  W.,  Colliery  Office,  Whitehaven       Nov.  5,1870 

447  Moore,  T.  H.,  Smeaton  Park,  Inveresk,  Edinburgh Feb.  2,  1867 

418  Morison,  D.  P.,  21,  Collingwood  St.,  Newcastle  (Member  of  Council)  1861 

449  Morrell,  John,  Darlington        Oct.  7,  1876 

450  Morris,  W.,  Waldridge  Colliery,  Chester-le- Street,  Fence  Houses    ...  1858 
451*Morton,  H.  J.,  4,  Royal  Crescent.  Scarborough          ...         ...         ...  1861 

452  Morton,  H.  T.,  Lambton,  Fence  Houses           Aug.  21,  1852 

453  Moses,  Wm.,  Lumley  Colliery,  Fence  Houses Mar.  2,1872 

454  Muckle,  John,  Monk  Bretton,  Barnsley           Mar.  7,  1861 

455  Mulcaster,  W.,  Jun.,  M.E.,  Croft  House,  Aspatria,  near  Carlisle    ...  Dec.  3,1870 

456  Mulvant,  W.  T.,  Pempelfort,  Dusseldorf-on-the-Rhine         Dec.  3,1857 

457  Mundle,  Arthur,  Tyne  View  House,  Blaydon-on-Tyne        June  5,1875 

458  Mundle,  W.,  Redesdale  Mines,  Bellingham      Aug.  2,  1873 

459  Nanson,  J Dec.  4,1869 

460  Nasse,  Herr  Bergassessor,  Louisenthal,  Saarbrucken,  Prussia     ...   Sept.  4,  1869 

461  Naylor,  J.  T.,  10,  West  Clayton  Street,  Newcastle-on-Tyne Dec.  6,  1866 

462  Nelson,  J.,  C.E.,  Marine  and  Stationary  Engine  Works,  Gateshead 

(Member  of  Council)  Oct.  4.  1866 

463  Nevin,  John,  Mirfield,  Yorkshire           May  2,1868 

464  Newall,  R.  S.,  Ferndene,  Gateshead      ...            (Member  of  Council)  May  2,  1863 

465  Nicholson,  E.,  jun.,  Beamish  Colliery,  Chester-le- Street       Aug.  7,1869 

466  Nicholson,  J.  W.,  36,  Crown  St.,  Elswick  Road,  Newcastle-on-Tyne    Oct.  11,  1873 

467  Nicholson,  Marshall,  Middleton  Hall,  Leeds           Nov.  7,1863 

468  Noble,  Captain,  Jesmond,  Newcastle-upon-Tyne        Feb.  3,1866 

469  North,  F.  W.,  F.G.S.,  Rowley  Hall  Colliery,  Dudley,  Staffordshire  .. .   Oct.  6, 1864 

470  Nuttall,  Thomas,  Broad  Street,  Bury,  Lancashire Sept.  11, 1875 

471  Ogden,  John  M.,  Solicitor,  Sunderland Mar.  5,1857 

472  Ogilvie,  A.  Graeme,  4,  Great  George  Street,  Westminster,  London  Mar.  3,  1S77 

473  Oliver,  Robert,  Charlaw  Colliery,  near  Durham        Nov.  6,  1875 

474  Owen,  J.  H.,  18,  Prudhoe  Terrace,  Tynemouth            Aug.  4,  1877 

475  Pace r,  T.,  Bishop  Auckland         ...         ...         ...         ...  April  10,  1S69 

476  Pace,  William,  Merry  weather  &  Co  ,  York  St.,  Lambeth,London,  S.E.  Mar.  6,    1875 
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477  Palmer,  A.  S.,  Wardley  Hall,  near  Newcastle-on-Tyne 

478  Paxmeb,  C.  M.,  M.P.,  Quay,  Newcastle-upon-Tyne      

479  Pamely,  C,  Radstock  Coal  Works,  near  Hath 

480  Panton,  P.  S.,  Silksworth  Colliery,  Sunderland  

481  Parkin,  C,  Deer  Park  Mines,  Newlyn  East,  Grampound  Eld.,  Cornwall 

482  Paekin,  John,  Westbourne  Grove,  Redcar,  Yorkshire 

483  Parrington,  M.  W.,  Wearmouth  Colliery,  Sunderland  

484  Parton,  T.,  F.G.S.,  Ash  Cottage,  Birmingham  Road,  West  Bromwich 

485  Pattison,  John,  Engineer,  Naples        

486  Peace,  M.  W„  Wigan,  Lancashire  

487  Peacock,  David,  Westbromwich  

488  Pearce,  F.  H.,  Bowling  Iron  Works,  Bradford  

489  Pearson,  J.  E.,  Golborne  Park,  near  Newton-le- Willows        

490  Pease,  J.  W.,  M.P.,  Hutton  Hall,  Guisbro',  Yorkshire  

491  Peel,  John,  Wharncliffe  and  Silkstone  Coll.,  Wortley,  near  Sheffield 

492  Peel,  John,  Horsley  Colliery,  Wylam-on-Tyne 

493  Peile,  William,  Rosemount,  Roath,  Cardiff 

494  Penman,  J.  H.,  2,  Clarence  Buildings,  Booth  Street,  Manchester 

495  Perrot,  S.  W.,  39,  Kronprinzen  Strasse,  Dusseldorf   ... 

496  Philipson,  H.,  8,  Queen  Street,  Newcastle-upon-Tyne  

497  Pickersgill,  T.  Waterloo  Main  Colliery,  near  Leeds  

498  Pickup,  P.  W.,  Dunkenhalgh  Collieries,  Accrington,  Lancashire 

499  Pinching,  Archd.  E.,  The  Terrace,  Gravesend  

500  Pottek,  Addison,  Heaton  Hall,  Newcastle-on-Tvne 

501  Potter,  A.  M.,  Shiremoor  Coll.,  Northumberland  (Member  of  Council) 

502  Potter,  C.  J.,  Heaton  Hall,  Newcastle-on-Tyne  

503*Potter,  W.  A.,  Cramlington  House,  Northumberland 

504  Price,  John,  Messrs.  Palmer  Brothers  &  Co.,  Jarrow-on-Tyne 

505  Price,  J.  R.,  Standish,  near  Wigan        

506  Priestman,  Jon.,  Coal  Owner,  Newcastle-on  Tyne     

507  Pringle,  Edward,  Choppington  Colliery.  Northumberland 

508  Railston,  C.  A.,  Framlington  Place,  Newcastle-on-Tyne        

509  Ramsay,  J.  A.,  Chesterton,  near  Newcastle-under-Lyne,  Staffordshire 

510  Ramsay,  J.  T.,  Walbottle  Hall,  nr.  Blaydon-on-Tyne  (Mem.  of  Council) 

511  Ramsay,  T.  D 

512  Ramsay,  Wit,,  Tursdale  Colliery,  County  Durham 

513  Reed,  Robert,  Felling  Colliery,  Gateshead       

514  Rees,  Daniel,  Glandare,  Aberdare  

515  Refeen,  Wm.,  Teplitz,  Bohemia 

516  Reid,  Andrew,  Newcastle-on-Tyne       

517  Reynolds,  J.  J.,  M.E.,  Leigh  Road,  Atherton,  near  Manchester 

518  Richards,  Charles         

519  Richards,  E.  W.,  Messrs.  Bolckow,  Vaughan,  &  Co.,  Middlesbro'    ... 

520  Richards,  G.  C,  M.E„  Woodhouse,  near  Sheffield      

521  RicnARDSON,  H.,  Backworth  Colliery,  Newcastle-on-Tyne     

522  Richardson,  J.  W.,  Iron  Shipbuilder,  Newcastle-on-Tyne     
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523  Ridley,  G.,  Trinity  Chambers,  Newcastle  on-Tyne      

524  Ridley,  J.  H.,  R.  &  W.  Hawthorn's,  Newcastle-on-Tync 

525  Ridyard,  John,  Walkden,  near  Bolton-le-Moors,  Lancashire 

526  Rigby,  John,  Ash  Villa,  Alsager,  Stoke-upon-Trent 

527  Rttson,  U.  A,  6,  Queen  Street,  Newcastle-on-Tyne 

52S  Ritson,  W.  A.,  Shilbottle  Colliery,  near  Alnwick  

529  Robertson,  W.,  M.E.,  123,  St.  Vincent  Street,  Glasgow 

530  Robinson,  G.  C,  Brereton  and  Hayes  Colls.,  Rugeley,  Staffordshire. 

531  Robinson,  H.,  C.E.,  7,  Westminster  Chambers,  London         

532  Robinson,  John,  Hebbnrn  Colliery,  near  Newcastle-on-Tyne 

533  Robinson,  R.,  Howlish  Hall,  near  Bishop  Auckland 

531  Robson,  E.,  Middlesbro'-on-Tees 

535  Robson,  J.  S.,  Butterknowle  Colliery,  via  Darlington... 

536  Robson,  J.  T.,  Cambuslang,  Glasgow 

537  Robson,  M.  

538  Robson,  Thomas,  Lumley  Colliery,  Fence  Houses       

539  Rogeeson,  John,  Croxdale  Hall,  Durham  

540  Roscamp,  J.,  Rosedale  Lodge,  near  Pickering,  Yorkshire 
511  Roseby,  John,  Haverholme  House,  Brigg,  Lincolnshire 
542  Ross,  A.,  Shipcote  Colliery,  Gateshead    ... 
513  Ross,  J.  A.  G.,  Consulting  Engineer,  Bath  Lane,  Newcastle  ... 

541  Rosser,  W.,  Mineral  Surveyor,  Llanelly,  Carmarthenshire    ... 

545  Rothwell,  R.  P.,  27,  Park  Place,  New  York 

546  Routledge,  Jos.,  Ryhope  Colliery,  Sunderland  

547  Routledge,  J.  L.,  Ryhope  Colliery,  Sunderland  

548  Routledge,  Wm.,  Sydney,  Cape  Breton  ...         

519  Rowley,  J.  C,  Shagpoint  Colliery,  Otago,  New  Zealand        

550  Rutherford,  J.,  Halifax,  Nova  Scotia  ... 

551  Rutherford,  W.,  Marden  House,  Whitley,  Newcastle-on-Tyne 

552  Rutter,  Thos.,  Blaydon  Main  Colliery,  Blaydon-on-Tyne      

553  Ryder,  W.  J.  H.,  Forth  Street  Brass  Works,  Newcastle-on-Tyne 

554  Saint,  George,  Vauxhall  Collieries,  Ruabon,  North  Wales April  11,  1874 

555  Scarth,  W.  T.,  Raby  Castle,  Darlington  April    4,1868 

556  Scott,  Andrew,  Broomhill  Colliery,  Acklington         Dec.     7,  1867 

557  Scott,  C.  F.,  Cooper's  Wentworth  Colliery,  Stainboro',  near  Barnsley  April  11,  1874 

558  Scot'LAR,  G.,  Parkside,  Frizington,  Cumberland  July     2,1872 

559  Seddon,  J.  F.,  Great  Harwood  Collieries,  near  Accrington     ...         ...  June    1,  1S67 

560  Seddon,  W.,  Dunkirk  Collieries,  Dukinfield      Oct.-     5,  1865 

561  Shallis,  F.  W.,  M.  and  J.  Pritchard,  9,  Gracechurch  Street,  London   April    6,  1872 

562  Shaw,  John,  Neptune  Engine  Works,  Low  Walker,  Newcastle        ...  Nov.     6,  1875 

563  Shaw,  W.,  Jun.,  Wolsingham,  via  Darlington June    3,1871 

564  Shiel,  JonN,  Framwellgate  Colliery,  County  Durham  May     6,1871 

565  Shone,  Isaac,  Pentrefelin  House,  Wrexham 1858 

566  Shortrede,  T.,  Park  House,  Winstanley,  Wigan        April   3,  1856 

567  Siiute,  C  A.,  Westoe,  South  Shields      April  11,  1874 

568  Simpson,  J.,  Heworth  Colliery,  near  Gateshead-on-Tyne         Dec.     6,1866 
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569  Simpson,  Jos.,  Catchgate,  near  Annfield  Plain Mar.    3,1*73 

570  Simpson,  J.  B.,Hcdgefield  House,  Blaydon-on-T.yne(ViCE-PRESiDENT)  Oct.     4,1860 

571  Simpson,  J.  C,  Bankhead  Colliery,  Muirkirk   ... 

572  Simpson,  R.,  Moor  House,  Ryton-on-Tyue        

573  Simpson,  Robt.,  Drummond  Colliery,  Westville,  Picfcou,  N.S. 

574  Sinclaih,  James,  48,  Blackf riars  Street,  Manchester 

575  Slinn,  T.,  2,  Choppington  Street,  Westmorland  Road,  Newcastle     . . 

576  Small,  G.,  Duffield  Road,  Derby 

577  Smith,  E.  J.,  16,  Whitehall  Place,  Westminster,  London 

578  Smith,  G.  F.,  Grovehurst,  Tunbridge  Wells 

579  Smith,  J.,  Bickershaw  Colliery,  Leigh,  near  Manchester  

5S0*Smith,  R.  Clifford,  Parkfield,  Swinton,  Manchester 

581  Smith,  T.,  Sen.,  M.E.,  Cinderford  Villas,  nr.  Newnham,  Gloucester... 

582  Smith,  T.  E.,  M.P.,  Gosforth  House,  Dudley,  Northumberland 

583  Smith,  T.  E.,  Phoenix  Foundry,  Newgate  Street,  Newcastle-on-Tyne 

584  Snowdon,  T.,  Jun.,  West  Bitchburn  Coll.,  nr.  Towlaw,  via  Darlington  Sept.   4,  1869 

585  Sopwith,  A.,  Cannock  Chase  Collieries,  near  Walsall ... 

586  Sopwith,  T.,  Jun.,  48,  Northumberland  Street,  Newcastle     ... 

587  Sopwith,  Thos.,  6,  Great  George  St.,  Westminster,  London,  S.W. 

588  Southall,  F.,  Park  Hall  Colliery,  Cheadle,  Stoke-upon-Trent 

589  Southern,  R.,  Burleigh  House,  The  Parade,  Tredegarville,  Cardiff , 

590  South  worth,  Thos.,  Hindley  Green  Collieries,  near  Wigan... 

591  Spare,  H.  K.,  Startforth  House,  Barnard  Castle         

592  Spence,  G.,  31,  Brunton  Place,  Warwick  Road,  Carlisle 

593  Spence,  James,  Clifton  and  Millgramntz  Collieries,  Workington 

594  Spencer,  John,  Westgate  Road,  Newcastle-on-Tyne... 

595  Spencer,  John  P.,  Borough  Surveyor,  Tynemouth     

596  Spencer,  M.,  Newburn,  near  Newcastle-on-Tyne 

597  Spencer,  T.,  Ryton,  Newcastle-on-Tyne 

598  Spencer,  W.,  Cross  House  Chambers,  Westgate  Road,  Newcastle 

599  Stainton,  Matthew,  Ironfounder,  South  Shields       

600  Steavenson,  A.  L.,  Durham       (Vice-President)  Dec. 

601  Steavenson,  D.  F.,  B.A.,  LL.B.,   Barrister-at-Law,   Cross   House, 

Westgate  Road,  Newcastle-on-Tyne            April  1,1871 

602  Steele,  Chas.,  Bolton  Colliery,  Mealsgate,  Cumberland         June  7,1873 

603  Steele,  Charles  R.,  28,  Wood  Street,  Maryport        Mar.  3,1864 

604  Stephenson,  G.  R.,  9,  Victoria  Chambers,  Westminster,  London,  S.W.  Oct.  4,  1860 

605  Stephenson,  W.  H.,  Elswick  House,  Newcastle-on-Tyne      Mar.  7,1867 

606  Stevenson,  R.,  Crewe  Coal  &  Iron  Co.  Ld,  Newcastle-under-Lyme  ...  Feb.  5,  1S76 

607  Stobart,  H.  S.,  Witton-le- Wear,  Darlington Feb.  2,1854 

608  Stobart,  W.,  Wearmouth  Colliery,  Sunderland            July  2,1872 

609  Stokoe,  Joseth,  Houghton-le-Spring,  Fence  Houses  April  11,  1874 

610  Storey,  Thos.  E.,  Clough  Hall  Iron  Works,  Kidsgrove,  Staffordshire  "Feb.  5,  1876 

611  Straker,  John,  Stagshaw  House,  Corbridge-on-Tyne            May  2,1867 

612  Straker,  J.  H.,  Willington  House,  Co.  Durham         Oct.  3,1874 

613  Stratton,  T.  H.  M.,  Seaham  Colliery,  Sunderland      Dec.  3,1870 

614  Swallow,  J.,  Pontop  Hall,  Lintz  Green           May  2,1874 
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615  Swallow,  R.  T.,  Springwell,  Gateshead            1862 

616  S wax,  H.  F.,  Shipbuilder,  Newcastle-on-Tyne Sept.  2,1871 

617  Swan,  J.  G.,  UpsaU  Hall,  near  Middlesbro'       Sept.  2,1871 

618  Swann,  C.  G.,  Secretary,  General  Mining  Association  Limited,  6,  New 

Broad  Street.  London            Aug.  7.1875 

619  Tate,  Simon,  Kimblesworth  Colliery,  Co.  Durham      ...         ...         ...  Sept.  11,  1875 

620  Taylor,  George,  Brotton  Mines,  Saltburn-by-the-Sea          June  5,  1875 

621  Taylor,  Hugh,  King  Street,  Quay,  Newcastle-on-Tyne        Sept.  5,  1856 

622  Taylor,  John  B.,  Wollescote  House,  near  Stourbridge          May  3,1873 

623  Taylor,  T.,  King  Street,  Quay,  Newcastle-on-Tyne July  2,1872 

624  Taylor-Smith,  Thomas,  Urpeth  Hall,  Chester-le-Street       Aug.  2,1866 

625  Thomas,  A.,  Bilson  House,  near  Newnham,  Gloucestershire  ...         ...  Mar.  2,1872 

626  Thompson,  James,  Hurworth,  Darlington        ...         ...  June  2,  1866 

627  Thompson,  John,  Boughton  Hall,  Chester       Sept.  2,1865 

628  Thompson,  J.,  Hilton  House,  Blackrod,  near  Chorley...         ...         ...  April  6,1867 

629  Thompson,  R.,  Jun.,  Rodridge  House,  Wingate,  Co.  Durham            ...  Sept.  7,  1867 

630  Thompson,  T.  C,  Milton  Hall,  Carlisle May  4,1854 

631  Thomson,  John,  South  Skelton  Mines,  via  Guisbro' April  7,1877 

632  Thomson,  Jos.  P.,  Manvers  Main  Colliery,  Rotherham           Feb.  6,1875 

633  Thorpe,  R.  S.,  17,  Picton  Place,  Newcastle-on-Tyne Sept.  5,1868 

634  Thubron,  N.,  Broadoak  Colliery,  Longhor,  near  Swansea      Oct.  3,1874 

635  Tinn,  J.,  C.E.,  Ashton  Iron  Rolling  Mills,  Bower  Ashton,  Bristol     ...  Sept.  7,  1S67 

636  Tone,  J.  F.,  C.E Feb.  7,1856 

637  Tylden-  Wright,  C,  Shireoaks  Colliery,  Worksop,  Notts     1862 

638  Tylor,  Alfred  E.,  123,  Bute  Street,  Cardiff April  1,  1876 

639  Tyson,  Wm.  John,  1,  Lowther  Street,  Whitehaven     Mar.  3,1877 

640  Tyzack,  D.,  Kelung,  Formosa  Island,  c/o  Com.  of  Customs,  Amoy,  China  Feb.  14,1874 

641  Tyzack,  Wilfred,  Tanfield  Lea  Coll.,  Lintz  Green  Station,  Newcastle  Oct.  7, 1876 

642  Ure,  J.  F.,  Engineer,  Tyne  Commissioners,  Newcastle            May  8,1869 

643  Urwin,  Robert,  Neville  Hall,  Newcastle-on-Tyne     Sept.  1,  1877 

644  VAtranAN,  Cedric,  Hodbarrow  Mines,  Leyfield  House,  Millom,  Cumb.  Aug.  5, 1876 

645  Vivian,  John,  Diamond  Boring  Company,  Whitehaven         Mar.  3,  1877 

646  Vondracee,  Vladimir Aug.  1,1874 

647  Wadham,  E.,  C.  and  M.E.,  Millwood,  Dalton-in-Furness        Dec.  7,  1S67 

648  Wake,  H.  H.,  River  Wear  Commissioners,  Sunderland           Feb.  3,  1872 

649  Walker,  G.  B.,  Wharncliffe  Silkstone  Collieries,  Wortley,  nr.  Sheffield  Dec.  2, 1871 

650  Walker,  J.  S.,  15,  Wallgate,  Wigan,  Lancashire        

651  Walker,  W.,  Saltburn-by-the-Sea         

652  Wallace*,  Henry,  Trench  Hall,  Gateshead      

653  Walton,  W.,  Upleatham  Mines,  Marske-by-the-Sea 

654  Ward,  H.,  Rodbaston  Hall,  near  Penkridge,  Stafford... 

655  Wardale,  John  D.,  M.E.,  Redheugh  Engine  Works,  Gateshead 

656  Wardell,  S.  C,  Doe  Hill  House,  Alfreton       
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5, 1870 
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April 
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657  Warrington,  J.,  Wbrsborough  Hall,  near  Bamsley   ... 

658  Watson,  H.,  High  Bridge  Works,  Newcastle-on-Tyne 

659  Watson,  H.  B.,  High  Bridge  Works,  Newcastle-on-Tyne 

660  Watson,  M.,  Flimby  and  Bronghton  Moor  Collieries,  near  Maryport.. 

661  Webster,  R.  C,  Bangor  Isycoed,  near  Wrexham,  North  Wales 

662  Weeks,  J.  G.,  Bedlington  Colliery,  Bedlington  ("Member  of  Council) 

663  Westmacott,  P.  G.  B.,  Elswick  Iron  Works,  Newcastle        

664  Wiiatelt,  W.  L.,  Wearmonth  Colliery,  Sunderland  ... 

665  White,  H.,  Weardale  Coal  Company,  Towlaw,  near  Darlington 

666  White,  J.  F.,  M.E.,  Wakefield 

667  White,  J.  W.  H.,  Woodlesford,  near  Leeds      ...  ...         

668  Whitehead,  James,  Brindle  Lodge,  near  Preston,  Lancashire 

669  Whitelaw,  John,  118,  George  Street,  Edinburgh      

670  WniTELAW,  T.,  Shields  and  Dalzell  Collieries,  Motherwell     

671  Whittem,  Thos.  S.,  Wyken  Colliery,  near  Coventry 

672  Widdas,  C,  North  Bitchburn  Colliery,  Howden,  Darlington 

673  Wight,  W.  H.,  Cowpen  Colliery,  Blyth 

674  Wild,  H.  F.,  Stockport,  Columbia  County,  New  York,  U.S 

675  Wild,  J.  G.,  Ellistown  Colliery,  Ellistown,  near  Leicester 

676  Williams,  E.,  Cleveland  Lodge,  Middlesbro' 

677  Williams,  J.  J.,  Pantgwyn  House,  Holywell,  Flintshire        

678  Williamson,  John,  Chemical  Manufacturer,  South  Shields 

679  Williamson,  John,  Cannock,  &c,  Collieries,  Hednesford 

680  Willis,  J.,  14,  Portland  Terrace,  Newcastle-on-Tyne 

681  Wilson,  J.,  69,  Great  Clyde  Street,  Glasgow...  

682  Wilson,  J.  B.,  Wingfield  Iron  Works  and  Colliery,  Alfreton 

683  Wilson,  Robert,  Flimby  Colliery,  Maryport 

684  Wilson,  W.  B.,  Kippax  and  Allerton  Collieries,  Leeds  

685  Winter,  T.  B.,  Grey  Street,  Newcastle-on-Tyne         

686  Wood,  C.  L.,  Freeland,  Bridge  of  Earn,  Perthshire     

687  Wood,  Lindsay,  Southill,  Chester-le-Street  (Past  President,  Mem- 

ber of  Council) 

688  Wood,  Thomas,  Rainton  House,  Fence  Houses  ...         

689  Wood,  W.  H.,  West  Hetton,  Ferryhill 

690  Wood,  W.  0.,  East  Hetton  Colliery,  Coxhoe,  Co.  Durham      

691  Woolcock,  Henry,  St.  Bees,  Cumberland        

692  Wright,  G.  H.,  12,  Trumpington  Street,  Cambridge 

693  Wright,  J.  M.,  20,  Summerhill  Terrace,  Newcastle-on-Tyne 

694  Wrightson,  T.,  Stockton-on-Tees  

695  Young,  Philip,  Cae-pen-ty  Colliery,  Frood,  near  Wrexham  ... 
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1  Bell,  C.  E.,  Park  House,  Durham  

2  Bramall,  Henry,  M.I.C.E.,  St.  Helen's,  Lancashire  

3  Dacres,  Thomas,  Dearham  Colliery,  Maryport  

4  Dixon,  James  S.,  170,  Hope  Street,  Glasgow  

5  Ellis,  W.  R.,  F.G.S.,  Wigan       

6  Gilchrist,  Thomas,  Eltringham,  Prudhoe-on-Tyne 

7  Gotjdie,  J.  H.,  Maryport  Iron  Works,  Maryport  

8  Harden,   John  Henry,  Phenix  Iron  Works,  Phenixville,  Chester 

County,  Pennsylvania 

9  Kellett,  William,  Wigan        

10  Lancaster,  John,  Auchinbeath,  &c,  Collieries,  Lanarkshire 

11  Laurence,  Arthur,  72,  Crockherbtown,  Cardiff        

12  Martin,  Tom  Pattinson,  Allhallows  Colliery,  Mealsgate,  Carlisle  . . . 

13  Pease,  J.,  White  House,  Penkridge       

14  Rogers,  William,  M.E.,  19,  King  Street,  Wigan      

15  Russell,  Robert,  M.E.,  Coltness  Iron  Works,  Newmains,  N.B. 

16  Spencer,  John  W.,  Newborn,  near  Newcastle-on-Tyne         

17  Topping,  Walter,  Messrs.  Cross,  Tetley,  &  Co.,  Piatt  Bridge,  Wigan 

18  Winstanley,  Robt.,  M.E.,  Lancaster  Avenue,  Fennel  St.,  Manchester 
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1  Bacon,  Arthur  H.,  Murton  Colliery,  Sunderland       

2  Bailes,  E.  T.,  Wingate,  Ferryhill  

3  Bell,  Douglas  M.,  Hendon  Ropery,  Sunderland 

4  Bragge,  G.  S.,  Hucknall,  Huthwaite,  near  Mansfield 

5  Brough,  Thomas,  Seaham  Colliery,  Seaham  Harbour 

6  Brown,  M.  W.,  Leamside  Station,  Fence  Houses 

7  Brown,  W.  B.,  Springfield,  Wavertree,  Liverpool        

8  Burnley,  E.  F.,  Whitwood  Collieries,  Normanton       

9  Cabrera,  Fidel,  c/o  H.  Kendall  &  Son,  12,  Gt.  Winchester  St., 

10  Chambers,  W.  Henry,  15,  Victoria  Road,  Barnsley 

11  Clark,  Robt.,  Gamant  Collieries,  Cwmanian,  nr.  Llanelly,  So 

12  Clough,  James,  Bedlington  Collieries,  near  Morpeth... 

13  Cloyis,  Louis,  1,  Borough  Houses,  Gateshead-on-Tyne 

14  Cochrane,  Ralph  D.,  Hetton  Colliery  Offices,  Fence  Houses 

15  Dalziel,  W.  G.,  2,  Pembroke  Terrace,  Cardiff  

16  Doyle,  John  Elyott,  B.A.,  St.  Peter's  Terrace,  Birmingham 

17  Doyle,  Patrick,  C.E.,  F.M.S.,  F.L.S.,  M.R.A.S.,  Post  Office,  Rangoon 

18  Eden,  C.  H.,  Sedgefield,  Ferryhill  

19  Edge,  John  H.,  Coalport  Wire  Rope  and  Chain  Works,  Shifnal,  Salop 

20  Fennell,  Corry  S.,  Orinside  Rector;,,  Appleby,  Westmorland 


London 


Wales 
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May  3, 
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1879 
1879 
1873 
1878 
1878 
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21  Gambiee,  G.  G.  C,  South  Hctton  Colliery,  Fence  Houses      ... 

22  Gerraed,  James,  luce  Hall  Coal  and  Cannel  Company,  Wigan 

23  Gkeener,  T.  Y.,  Rainford  Collieries,  St.  Helen's,  Lancashire... 

24  Greener,  W.  J.,  Pemberton  Colliery,  Wigan 

25  Gresley,  W.  S.,  Overseale,  Ashby-de-la-Zouch  

26  Hamilton,  E.,  Rig  Wood,  Saltburn-by-the-Sea  

27  Harrison,  J.  W.,  M.E.,  Gildersome,  near  Leeds         

28  Hughes,  E.  G.,  Solway  View,  Whitehaven       ...         ...         

29  Humble,  Stephen,  Uttoxeter  Road,  Derby      

30  Jepson,  H.,  Stanley,  near  Wakefield      ...         

31  Johnson,  W.,  Abram  Colliery,  Wigan 

32  Lisle,  J.,  Washington  Colliery,  County  Durham  

33  Lyon,  James,  Vale  View,  Whitehaven  ...         ...         

34  Miller,  D.  S.,  Wearmouth  Colliery,  Sunderland         

35*Miller,  Nathan,  Kurhurballa  Collieries,  East  India  Railway,  Chord 

Line,  Bengal   ...         ...         ...         ...         ...         ...         

36  Pbichaed,  Wm.,  Navigation  and  Deep  Duffryn  Collieries,  Mountain 

Ash,  South  Wales 

37  Rathbone,  Edgar  P.,  662,  Weingasse  II.,  Freiburg,  Saxon 

38  Rylands,  Richard  A.,  Haford  Las,  Minera,  Wrexham         

39  Saise,  Walt.,  D.  Sc,  Assist.  Manager  E.  I  .R.  Collieries,  Sindi,  Bengal 

40  Sawyer,  A.  R.,  Ass.  R.S.M.,  Stone,  Stafford 

41  Seymour,  T.  M.,  Lambton  Colls., Waratah,  nr.  Newcastle,  New  S.Wales 

42  Smith,  J.  Bagnold,  The  Laurels,  Chesterfield 

43  Stones,  T.  H..  Wigan  Coal  &  Iron  Co.,  Westleigh,  nr.  Leigh,  Lancashire 

44  Suthebst,  John,  Cleveland  Foundry,  Guisbro' 

45  Thompson,  John,  Heworth  Colliery,  County  Durham 

46  Wintee,  Thomas,  Messrs.  Tangye  Brothers  &  Steel,  Swansea 


.Inly 
Mar. 
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Nov. 
Aug. 
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1  Aemitage,  Matthew,  Birtley,  near  Chester-le- Street  Oct.     6,  1877 

2  Atkinson,  A.  A.,  Munglepore  Colliery,  Bengal,  India  ...         ...  Aug.    3,  1878 

3  Atkinson,  E.  E.,  Hebburn  Colliery,  near  Newcastle-on-Tyne  ...  Nov.    4,  1876 

4  Atkinson,  F.  R.,  Haswell  Colliery,  Fence  Houses        Feb.  14,  1874 

5  Ayton,  E.  F.,  Lumley  Colliery,  Fence  Houses Feb.     5,1876 

6  Ayton,  Heney,  Seaton  Delaval  Colliery,  Dudley,  Northumberland  ...  Mar.    6,  1875 

7  Baenes,  A.  W.,  Grassmore  Colliery,  near  Chesterfield  Oct.     5,1872 

8  Baeeett,  Chaeles  Rollo,  Burnhope  House,  Lanchester      ...         ...  Nov.    7,  1S74 

9  Beekley,  R.  W.,  Marley  Hill  Colliery,  Gateshead       Feb.  14,  1874 

10  Bewick,  T.  B.,  Haydon  Bridge,  Northumberland        Mar.    7,1874 

11  Bied,  Haeey,  Haydon  Bridge,  Northumberland  April   7,1877 

12  Bied,  W.  J.,  Wingate  Colliery,  Durham  Nov.    6,  1875 

13  Blackett,  W.  C,  6,  Old  Elvet,  Durham  Nov.    4,1876 

14  Blakeley,  A.  B.,  Hollyroyd,  Dewsbury  Feb.  15,  1879 

15  Bowlkee,  T.  J.,  Heddon  Vicarage,  VVylam-on-Tyne May     5,1877 
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16  Brown,  C.  Gilpin,  Hetton  Colliery,  Fence  Houses     Nov.    4,1876 

17  Bruce,  John,  2,  Framlington  Place,  Newcastle-on-Tyne        Feb.  14,1874 

18  Buckham,  Robert,  East  Pontop  Colliery,  Lintz  Green  Oct.     5,1878 

19  Bulhan,  G.  H.,  Ryhope  Colliery,  Sunderland April  11,1874 

20  Bulman,  H.  F.,  10,  Framlington  Place,  Newcastle-on-Tyne May     2,  1874 

21  Bunning,  C.  Z.,  Ryton-on-Tyne Dec.     6, 1S73 

22  Caldwell,  John  S.,  The  Grove,  Westhoughton,  near  Bolton,  Lan. ...  Not.  7, 1874 

23  Candler,  T.  E.,  East  Lodge,  Crook,  Darlington          May  1,1875 

24  Care,  Charles  B.,  Castle  Eden  Colliery,  County  Durham    May  6, 1876 

25  Child,  H.,  Whitkirk,  Leeds        Feb.  15,  1879 

26  Cobbold,  C.  H.,  San  Valentino,  Abruzzo,  Citenone,  Italy       May  3,1873 

27  Cockbubn,  W.  C,  8,  Summerhill  Grove,  Newcastle-on-Tyne July  2,  1872 

28  Cox,  L.  Clifford,  Ravenstone,  near  Ashby-de-la-Zouch       April  1,1876 

29  Craig,  Ernest,  Silksworth  Colliery,  near  Sunderland            Nov.  3,  1877 

30  Crawford,  T.  W.,  Lofthoxise  Station  Collieries,  near  Wakefield       ...  Dec.  4,1875 

31  Crone,  F.  E.,  Killing  worth  House,  near  Newcastle     Sept.  2,1876 

32  Davidson,  C.  C,  Ore  Bank  House,  Bigrigg,  via  Carnforth,  Cumberland  Nov.    4, 1876 

33  Davis,  Kenneth  M.,  Towneley  and  Stella  Collieries,  Ryton-on-Tyne  April  5,  1879 

34  Depledge,  M.  F.,  Brancepeth,  near  Durham April  7,  1877 

35  Dodd,  Michael,  Jun.,  Heddon  Colliery,  Wylam-on-Tyne      Dec.     4,1875 

36  Dcnkin,  Win.,  TJsworth  Colliery,  Washington  Station,  Co.  Durham  ...  Sept.    2,  1876 

37  Dorman,  Frank,  Esh  Colliery,  near  Durham May     1,1875 

3S  Douglas,  Arthur  Stanley,  Harton  Colliery,  near  South  Shields  ...  June    1,1878 

39  Dowsox,  W.  C,  Belle  Vue  House,  Escomb,  near  Bishop  Auckland  ...  Mar.    2,  1878 

40  Dunn,  A.  F.,  Poynton,  Stockport,  Cheshire       June    2,1877 

41  Durnfohd,  H.  St.  John,  Wharncliffe  Silkstone  Coll.,  Wortley,  Sheffield  June   2, 1877 

42  Edge,  J.  C,  Ince  Hall  Coal  and  Cannel  Company,  Limited,  Wigan 

43  Evans,  David  L.,  Goldtops,  Newport,  Monmouthshire 

44  Fenwick,  J.  W.,  Bebside  Colliery,  Cowpen  Lane,  Northumberland  ...  Oct.     7, 1876 

45  Fletcher,  John  E.,  Howbridge,  Atherton,  near  Manchester 

46  Forster,  Thomas  E.,  Back  worth,  Newcastle-on-Tyne 

47  Forsyth,  Frank  W.,  Lofthouse  Station  Colliery,  Wakefield  ... 
4S  Fowlek,  Robert,  Wearmouth  Colliery,  Sunderland 

49  Feyae,  Mark,  Walker  Colliery,  Newcastle-on-Tyne 

50  Gibson,  W.  F.,  28,  Northumberland  Square,  North  Shields    ... 

51  Gilchrist,  J.  R.,  Newbottle  Colliery  Offices,  Fence  Houses  ... 

52  Gordon,  Chas.,  Longton  Hall  Colliery,  Stoke-on-Trent 

53  Gould,  Alex.,  Cowpen  Colliery,  Blyth 

54  Guthrie,  James  Kenneth,  Ryton-on-Tyne 

55  Haddock,  W.  T.,  Jun.,  Ryhope  Colliery,  Sunderland 

56  Hallas,  G.  H.,  Hindley  Greeu  Colblery,  near  Wigan 

57  Hallimond,  W.  T.,  12,  Sutton  Street,  Durham  

58  Hakris,  W.  S.,  Sheep  Hill,  Burnopfield,  near  Lintz  Green     ... 
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59  Hariuson,  Robert  J.,  Mining  Offices,  Tyneraouth     May  1,1875 

60  Harrison,  It.  W.,  Public  Wharf,  Leicester       Mar.  3,  1877 

61  Hkdley,  B.,  Rainbam  Lodge,  The  Avenue,  Beckenham,  Kent          ...   Dee.  2,  1871 

62  Hedley,  Ernest  H.,  West  Chirton  House,  Percy  Main         Oct.  7,1876 

68  Hedley,  Sept.  H.,  Londonderry  Offices,  Seaham  Harbour    Feb.  15,1879 

64  Hendy,  J.  C.  13.,  Usvvortb  Colliery,  Washington  Station,  Co.  Durham  Sept.  2,  1876 

65  Hill,  Leonard,  No.  4,  Brancepeth,  Durham Oct.  6,1877 

66  Holme,  James,  53,  Breckficld  Road  South,  Everton,  Liverpool        ...  Sept.  11,  1875 

67  Howard,  Walter,  13,  Cavendish  Street,  Chesterfield  April  13,  1878 

68  Hudson,  Joseph  S.,  Cambois  Colliery,  Blyth Mar.  2,1878 

69  Humble,  Joicey,  17,  Westmorland  Terrace,  Newcastle-on-Tyne      ...  Mar.  3,1877 

70  Humble,  Robert,  17,  Westmorland  Terrace,  Newcastle-on-Tyne     ...   Sept.    2,1876 

71  Hunter,  John  P.,  Backworth  Colliery,  near  Newcastle-on-Tyne      ...  Oct.  6,1877 

72  Jobbing,  Thos.  E.,  Coxlodge  Colliery,  by  Kenton,  Newcastle-on-Tyne  Oct.  7,  1876 

73  Jordan,  J.  J.,  South  Derwent  Colliery,  via  Lintz  Green        Mar.  3,1873 

74  Kayll,  A.  C,  Felling  Colliery,  Gateshead         

75  Kikkhouse,  E.  G.,  Medomsley,  Newcastle-on-Tyne     

76  Kirkup,  Philip,  Peases'  West  Collieries,  by  Darlington 

77  Kirton,  Hugh,  Oxclose,  Brancepeth,  Durham... 

78  Leach,  C.  C,  Bedlington  Collieries,  Bedlington  

79  Liddell,  J.  M.,  Colliery  Office,  Whitehaven 

80  Lindsay,  Clarence  S.,  Marsden,  South  Shields  

81  Liveing,  E.  H.,  Swiss  Cottage,  North  Road,  Durham 

82  Locke,  Ernest  G.,  Peases'  West  Collieries,  Crook,  by  Darlington 

83  Longeotham,  R.  H.,  Framwellgate  Colliery,  near  Durham    . . . 

84  Maccabe,  H.  0.,  Chilton  Colliery,  Ferryhill      Sept.    7,1878 

85  Maddison,  Thos.  R.,  Thornhill  Collieries,  near  Dewsbury     Mar.  3,1877 

86  Makepeace,  H.  R.,  Heworth  Colliery  Offices,  Heworth,  near  Newcastle  Mar.  3,1877 

87  Markham,  G.  E.,  Howlish  Offices,  Bishop  Auckland Dec.  4,  1875 

8S  Marsh,  T.  G.,  c/oW.  Fisher,  Burnt  Tree  House,  Tipton,  Staffordshire  Sept.  13,  1873 

89  Melly,  Edward  F.,  Nunnery  Colliery  Offices,  Sheffield        Oct.  5,  1878 

90  Moreing,  C.  A.,  37,  Spring  Gardens,  London Nov.  7,  1874 

91  Mundle,  Robert,  Ryhope  Colliery,  Sunderland           Mar.  6,1875 

92  Nicholson,  Jos.  C,  Newbottle  Colliery,  Fence  Houses          Feb.  3,  1877 

93  Noble,  J.  C,  Usworth  Hall,  near  Washington  Station,  Co.  Durham...  May  5,  1877 

94  Ornsby,  R.  E.,  Seaton  Delaval  Colliery,  Dudley,  Northumberland    ...  Mar.  6,  1875 

95  Palmer,  Henry,  Nunnery  Colliery,  Sheffield Nov.  2,1878 

96  Pattison,  Jos.  W.,  Londonderry  Offices,  Seaham  Harbour Feb.  15,  1879 

97  Peake,  Charles  Edwd.,  Houghton  Colliery,  Barnsley          Nov.  3,  1877 

98  Peart,  A.  W.,  Cwmaman  Colliery  Offices,  Aberdare Nov.  4,1876 

99  Pickering,  W.  H.,  College  of  Physical  Science,  Newcastle Mar.  2,  1878 
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100  Pickstone,  Wm,,  Oak  Bank,  Black  Lane,  near  Manchester Sept.  11, 1875 

101  Pocock,  Francis  A.,  White  Moss  Colliery,  near  Ormskirk    Mar.  6,1875 

102  Potter,  E.  A.,  Cramlington  House,  Northumberland Feb.  6,1875 

103  Powell,  Samuel,  Westminster  Chambers,  Wrexham June  1,  1878 

104  Prest,  J.  J.,  Day's  Terrace,  Brotton      May  1,1875 

105  Price,  Stephen  Richard,  Cwmaman  Colliery,  Aberdare,  So.  Wales     Nov.  3,  1877 

106  Proctor,  C.  P.,  Killingworth  Colliery,  Newcastle       Oct.  7,1876 

107  Reed,  R.,  Cowpen  Colliery,  Blyth           Feb.  3,1877 

108  Rees,  Ernest  P.,  Laugley  Park  Colliery,  Durham      Mar.  4,1876 

109  Richardson,  R.  W.  P.,  2,  Ridley  Street,  Blackhill,  Co.  Durham      . . .  Mar.  4,  1876 

110  Robinson,  Frank,  College  of  Physical  Science,  Newcastle-on-Tyne...  Sept.  2,1876 

111  Robinson,  Geo.,  Hebburn  Colliery,  near  Newcastle-on-Tyne Nov.  4,  1876 

112  Robson,  Harry  N.,  3,  North  Bailey,  Durham Dec.  4,1875 

113  Robson,  Thos.  O.,  4,  Campbell  Street.  Newcastle-on-Tyne Sept.  11,  1875 

114  Routledge,  W.  H.,  Staveley  Coal  and  Iron  Co.  Limited,  Chesterfield  Oct.  7,  1876 

115  Scarth,  R.  W.,  Browney  Colliery,  Durham      Dec.  4,1875 

116  Schier,  H.  C,  East  Hetton  Colliery  Offices,  Coxhoe,  Co.  Durham     ...  Dtc.  4,  1875 

117  Scott,  Alex.,  Peases' West  Collieries,  by  Darlington  ...         ...         ...  Mar.  2,1878 

118  Scott,  Wm.,  Brancepeth  Colliery  Offices,  Willington,  Co.  Durham    ...  Mar.  4,  1876 

119  Smith,  T.  F.,  Jun.,  Cinderford  Villas,  near  Newnham,  Gloucestershire  May  5,  1877 

120  Smith,  Thos.,  Leadgate,  County  Durham         Feb.  15,  1879 

121  Southern,  E.  O.,  5,  Fenwick  Terrace,  Jesmond,  Newcastle Dec.  5,  1874 

122  Southern,  W.  J.,  Northumberland  House,  Esplanade  Grdns.,  Scarbro'  Aug.  1,  1874 

123  Spence,  R.  F.,  Backworth  Colliery,  Newcastle-on-Tyne          Nov.  2,  1878 

124  Stobart,  F.,  Blue  House,  Washington,  Co.  Durham Aug.  2,  1873 

125  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-  Street Oct.  6,1877 

126  Telford,  W.  H.,  Cramlington  Colliery,  Northumberland 

127  Thompson,  William       

128  Todd,  John  T.,  Hetton-le-Hole,  Fence  Houses 

129  Topham,  Edward  O,  Silksworth  Colliery,  Sunderland 

130  Tucker,  A.  W.,  Turk's  Head  Brewery,  Gateshead      

131  Vernes,  Amidee,  8,  Claremont  Place,  Gateshead         May  4,  1878 

132  Walker,  F.  W.,  Harton  Colliery,  South  Shields  

133  Walker,  Smart,  Ryhope  Colliery,  near  Sunderland 

134  Walton,  J.  C,  Heworth  Colliery,  near  Newcastle-on-Tyne    ... 

135  White,  C.  E.,  Hebburn  Colliery,  near  Newcastle-on-Tyne     ... 

136  Williamson,  J.  E.  

137  Wilson,  J.  D.,  8,  Walker  Terrace,  Gateshead-on-Tyne 

138  Wilson,  J.  T.,  Blackhill,  Richmond       

139  Wood,  A.  E 
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mhmbiw0  Callkries, 


1  Ashington  Colliery,  Newcastle-on-Tyne. 

2  Haswell  Colliery,  Fence  Houses. 

3  Hetton  Collieries,  Fence  Houses. 

4  Lambton  Collieries,  Fence  Houses  (Earl  Durham). 

5  North  Hetton  Colliery,  Fence  Houses. 

6  Londonderry  Collieries. 

7  Ryhope  Colliery,  near  Sunderland. 

8  Seghill  Colliery,  Northumberland. 

9  South  Hetton  and  Murton  Collieries. 

10  Stella  Colliery,  Hedgefield,  Blaydon-on-Tyne. 

11  Throckley  Colliery,  Newcastle-on-Tyne. 

12  Wearmouth  Colliery,  Sunderland. 

13  Whitworth  Colliery,  Ferryhill. 


CHARTER 

OF 

THE    NORTH    OF    ENGLAND 

Mitete  of  fining  wb  gprj^raral  (Bnymzm. 


FOUNDED  1852. 
INCORPORATED  NOVEMBER  28th,  1876. 


fljUttOXfa,  by  the  Grace  of  God,  of  the  United  Kingdom  of  Great 
Britain  and  Ireland,  Queen,  Defender  of  the  Faith,  to  all  to  whom  these 
Presents  shall  come,  Greeting  : 

"Whereas  it  has  been  represented  to  us  that  Nicholas  Wood,  of 
Hetton,  in  the  County  of  Durham,  Esquire  (since  deceased) ;  Thomas 
Emerson  Forster,  of  Newcastle-upon-Tyne,  Esquire  (since  deceased) ; 
Sir  George  Elliot,  Baronet  (then  George  Elliot,  Esquire),  of  Houghton 
Hall,  in  the  said  County  of  Durham,  and  Edward  Fenwick  Boyd,  of 
Moor  House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our 
loving  subjects,  did,  in  the  year  one  thousand  eight  hundred  and  fifty- two, 
form  themselves  into  a  Society,  which  is  known  by  the  name  of  "The 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers," 
having  for  its  objects  the  Prevention  of  Accidents  in  Mines  and  the 
Advancement  of  the  Sciences  of  Mining  and  Engineering  generally,  of  which 
Society  Lindsay  Wood,  of  Southill,  Chester-le-Street,  in  the  County  of 
Durham,  Esquire,  is  the  present  President.  And  whereas  it  has  been 
further  represented  to  us  that  the  Society  was  not  constituted  for  gain, 
and  that  neither  its  projectors  nor  Members  derive  nor  have  derived 
pecuniary  profit  from  its  prosperity ;  that  it  has  during  its  existence  of  a 
period  of  nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  pre- 
servation of  human  life  and  the  safer  development  of  mineral  property ; 
that  it  has  contributed  substantially  and  beneficially  to  the  prosperity  of 
the  country  and  the  welfare  and  happiness  of  the  working  members  of  the 
community ;    that  the  Society  has  since  its    establishment  diligently 
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pursued  its  aforesaid  objects,  and  in  so  doing  has  made  costly  experiments 
and  researches  with  a  view  to  the  saving  of  life  by  improvements  in  the 
ventilation  of  mines,  by  ascertaining  the  conditions  under  which  the  safety 
lamp  may  be  relied  on  for  security  ;  that  the  experiments  conducted  by 
the  Society  have  related  to  accidents  in  mines  of  every  description,  and 
have  not  been  limited  to  those  proceeding  from  explosions  ;  that  the  vari- 
ous modes  of  getting  coal,  whether  by  mechanical  appliances  or  otherwise, 
have  received  careful  and  continuous  attention,  while  the  improvements 
in  the  mode  of  working  and  hauling  belowground,  the  machinery  em- 
ployed for  preventing  the  disastrous  falls  of  roof  underground,  and  the 
prevention  of  spontaneous  combustion  in  seams  of  coal  as  well  as  in  car- 
goes, and  the  providing  additional  security  for  the  miners  in  ascending 
and  descending  the  pits,  the  improvements  in  the  cages  used  for  this  pur- 
pose, and  in  the  safeguards  against  what  is  technically  known  as  "over- 
winding," have  been  most  successful  in  lessening  the  dangers  of  mining, 
and  in  preserving  human  life  ;  that  the  Society  has  held  meetings  at  stated 
periods,  at  which  the  results  of  the  said  experiments  and  researches  have 
been  considered  and  discussed,  and  has  published  a  series  of  Transactions 
filling  many  volumes,  and  forming  in  itself  a  highly  valuable  Library  of 
scientific  reference,  by  which  the  same  have  been  made  known  to  the 
public,  and  has  formed  a  Library  of  Scientific  "Works  and  Collections  of 
Models  and  Apparatus,  and  that  distinguished  persons  in  foreign  countries 
have  availed  themselves  of  the  facilities  afforded  by  the  Society  for  com- 
municating important  scientific  and  practical  discoveries,  and  thus  a  useful 
interchange  of  valuable  information  has  been  effected  ;  that  in  particular, 
with  regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  involved  much  pecuniary  outlay  and  personal  labour,  and 
the  details  of  which  are  recorded  in  the  successive  volumes  of  the 
Society's  Transactions,  have  led  to  large  and  important  advances  in  the 
practical  knowledge  of  that  subject,  and  that  the  Society's  researches 
have  tended  largely  to  increase  the  security  of  life ;  that  the  Members  of 
the  Society  exceed  800  in  number,  and  include  a  large  proportion  of 
the  leading  Mining  Engineers  in  the  United  Kingdom.  And  whereas 
in  order  to  secure  the  property  of  the  Society,  and  to  extend  its  useful 
operations,  and  to  give  it  a  more  permanent  establishment  among  the 
Scientific  Institutions  of  our  Kingdom,  we  have  been  besought  to  grant 
to  the  said  Lindsay  Wood,  and  other  the  present  Members  of  the  Society, 
and  to  those  who  shall  hereafter  become  Members  thereof,  our  Eoyal 
Charter  of  Incorporation.  Now  know  ye  that  we,  being  desirous  of 
encouraging  a  design  so  laudable  and  salutary,  of  our  especial  grace,  certain 
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knowledge,  and  mere  motion,  have  willed,  granted,  and  declared,  and 
do,  by  these  presents,  for  us,  our  heirs,  and  successors,  will,  grant,  and 
declare,  that  the  said  Lindsay  Wood,  and  such  others  of  our  loving  sub- 
jects as  are  now  Members  of  the  said  Society,  and  such  others  as  shall 
from  time  to  time  hereafter  become  Members  thereof,  according  to  such 
Bye-laws  as  shall  be  made  as  hereinafter  mentioned,  and  their  successors, 
shall  for  ever  hereafter  be,  by  virtue  of  these  presents,  one  body,  politic  and 
corporate,  by  the  name  of  "The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,"  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vary,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  same  name  to  sue  and  be  sued,  implead  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  us,  our  heirs  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive,  pos- 
sess, hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattels 
whatsoever,  and  also  be  able  and  capable  in  the  law  (notwithstanding  the 
statutes  of  mortmain)  to  purchase,  acquire,  possess,  hold  and  enjoy  to 
them  and  their  successors  a  hall  or  house,  and  any  such  other  lands,  tene- 
ments, or  hereditaments  whatsoever,  as  they  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site 
of  the  said  hall  or  house,  shall  not  exceed  in  the  whole  the  sum  of  three 
thousands  pounds,  computing  the  same  respectively  at  the  rack  rent  which 
might  have  been  had  or  gotten  for  the  same  respectively  at  the  time  of 
the  purchase  or  acquisition  thereof.  And  we  do  hereby  grant  our 
especial  license  and  authority  unto  all  and  every  person  and  persons  and 
bodies  politic  and  corporate,  otherwise  competent,  to  grant,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
their  successors,  any  lands,  tenements,  or  hereditaments  not  exceeding 
with  the  lands,  tenements  or  hereditaments  so  purchased  or  previously 
acquired  such  annual  value  as  aforesaid,  and  also  any  moneys,  stocks, 
securities,  and  other  personal  estate  to  be  laid  out  and  disposed  of  in  the 
purchase  of  any  lands,  tenements,  or  hereditaments  not  exceeding  the 
like  annual  value.  And  we  further  will,  grant,  and  declare,  that  the 
said  Society  shall  have  full  power  and  authority,  from  time  to  time,  to 
sell,  grant,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of 
mortgage,  or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and 
possessions,  wherein  they  have  any  estate  or  interest,  or  which  they  shall 
acquire  as  aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any 
lands,  tenements,  or  hereditaments  of  the  Society  shall  be  made,  except 
with  the  approbation  and  concurrence  of  a  General  Meeting.    And  our  will 
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and  pleasure  is,  and  we  further  grant  and  declare  that  for  the  better  rule 
and  government  of  the  Society,  and  the  direction  and  management  of  the 
concerns  thereof,  there  shall  be  a  Council  of  the  Society,  to  be  appointed 
from  among  the  Members  thereof,  and  to  include  the  President  and  the 
Vice-Presidents,  and  such  other  office-bearers  or  past  office-bearers  as  may 
be  directed  by  such  Bye-laws  as  hereinafter  mentioned,  but  so  that  the 
Council,  including  all  cx-officio  Members  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Members,  and  that  the  Vice-Presidents  shall 
be  not  more  than  six  or  less  than  two  in  number.  And  we  do  hekeby 
further  will  and  declare  that  the  said  Lindsay  Wood  shall  be  the  first 
President  of  the  Society,  and  the  persons  now  being  the  Vice-Presidents 
and  the  Treasurer  and  Secretary,  shall  be  the  first  Vice-Presidents,  and 
the  first  Treasurer  and  Secretary,  and  the  persons  now  being  the  Members 
of  the  Council  shall  be  the  first  Members  of  the  Council  of  the  Society, 
and  that  they  respectively  shall  continue  such  until  the  first  election  shall 
be  made  at  a  General  Meeting  in  pursuance  of  these  presents.  And  we 
do  hereby  further  will  and  declare  that,  subject  to  the  powers  by 
these  presents  vested  in  the  General  Meetings  of  the  Society,  the  Council 
shall  have  the  management  of  the  Society,  and  of  the  income  and  property 
thereof,  including  the  appointment  of  officers  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  officers  and  servants,  and 
generally  may  do  all  such  acts  and  deeds  as  they  shall  deem  necessary  or 
fitting  to  be  done,  in  order  to  carry  into  full  operation  and  effect  the 
objects  and  purposes  of  the  Society,  but  so  always  that  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  our 
Charter,  or  the  Laws  of  our  Realm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.  And  we  do  further  will  and  declare  that  at  any 
General  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hereinafter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  for  the  regulation  and  good  government  of  the  Society, 
and  of  the  Members  and  affairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  effect,  and  particularly  (and 
without  its  been  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say  :  for  fixing  the  number  of  Vice-Presidents,  and  the  number 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  their  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein ;  and  for  regulating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held 
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and  for  convening  the  same  and  regulating  the  proceedings  thereat,  and 
for  regulating  the  manner  of  admitting  persons  to  l)e  Members  of  the 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and 
for  imposing  reasonable  fines  or  penalties  for  non-performance  of  any 
such  Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to 
annul,  alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye-laws 
to  be  made  as  aforesaid  be  not  repugnant  to  these  presents,  or  to  any 
of  the  laws  of  our  Realm.  And  we  do  further  will  and  declare  that 
the  present  Rules  and  Regulations  of  the  Society,  so  far  as  they  are 
not  inconsistent  with  these  presents,  shall  continue  in  force,  and  be 
deemed  the  Bye-laws  of  the  Society  until  the  same  shall  be  altered  by  a 
General  Meeting,  provided  always  that  the  present  Rules  and  Regulations 
of  the  Society  and  any  future  Bye-laws  of  the  Society  so  to  be  made  as 
aforesaid  shall  have  no  force  or  effect  whatsoever  until  the  same  shall 
have  been  approved  in  writing  by  our  Secretary  of  State  for  the  Home 
Department.  In  witness  whereof  we  have  caused  these  our 
Letters  to  be  made  Patent. 

Witness  Ourself  at  our  Palace,   at  Westminster,  this   28th  day  of 
November,  in  the  fortieth  year  of  our  reign. 

By  Her  Majesty's  Command. 

CARDEW. 


THE  NORTH  OF  ENGLAND  INSTITUTE 


MINING  AND  MECHANICAL  ENGINEERS. 


BYE-LAWS 

PASSED  AT  A  GENERAL  MEETING  ON  THE  16TH  JUNE,  1877. 


1. — The  members  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  shall  consist  of  four  classes,  viz.: — Original  Mem- 
bers, Ordinary  Members,  Associate  Members,  and  Honorary  Members, 
with  a  class  of  Students  attached. 

2. — Original  Members  shall  be  those  who  were  Ordinary  Members 
on  the  1st  of  August,  1877. 

3. — Ordinary  Members. — Every  candidate  for  admission  into  the 
class  of  Ordinary  Members,  or  for  transfer  into  that  class,  shall  come 
within  the  following  conditions  : — He  shall  be  more  than  twenty-eight 
years  of  age,  have  been  regularly  educated  as  a  Mining  or  Mechanical 
Engineer,  or  in  some  other  recognised  branch  of  Engineering,  according 
to  the  usual  routine  of  pupilage,  and  have  had  subsequent  employment 
for  at  least  five  years  in  some  responsible  situation  as  an  Engineer,  or 
if  he  has  not  undergone  the  usual  routine  of  pupilage,  he  must  have 
practised  on  his  own  account  in  the  profession  of  an  Engineer  for  at  least 
five  years,  and  have  acquired  a  considerable  degree  of  eminence  in  the 
same. 

4. — Associate  Members  shall  be  persons  practising  as  Mining  or 
Mechanical  Engineers,  or  in  some  other  recognised  branch  of  Engineering, 
and  other  persons  connected  with  or  interested  in  Mining  or  Engineering. 

5. — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6. — Students  shall  be  persons  who  are  qualifying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  some  other  of  the 
recognised  branches  of  Engineering,  and  such  persons  may  continue 
Students  until  they  attain  the  age  of  twenty-three  years. 
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7. — The  annual  subscription  of  each  Original  Member,  and  of  each 
Ordinary  Member  who  was  a  Student  on  the  1st  of  August,  1877,  shall 
be  £2  2s.,  of  each  Ordinary  Member  (except  as  last  mentioned)  £3  3s., 
of  each  Associate  Member  £2  2s.,  and  of  each  Student  £1  Is.,  payable 
in  advance,  and  shall  be  considered  due  on  election,  and  afterwards  on 
the  first  Saturday  in  August  each  year. 

8. — Any  Member  may,  at  any  time,  compound  for  all  future  subscrip- 
tions by  a  payment  of  £25,  where  the  annual  subscription  is  £3  3s., 
and  by  a  payment  of  £20  where  the  annual  subscription  is  £2  2s.  All 
persons  so  compounding  shall  be  Original,  Ordinary,  or  Associate 
Members  for  life,  as  the  case  may  be  ;  but  any  Associate  Member  for  life 
who  may  afterwards  desire  to  become  an  Ordinary  Member  for  life,  may 
do  so,  after  being  elected  in  the  manner  described  in  Bye-law  13,  and  on 
payment  of  the  further  sum  of  £5. 

9. — Owners  of  Collieries,  Engineers,  Manufacturers,  and  Employers 
of  labour  generally,  may  subscribe  annually  to  the  funds  of  the  Institute, 
and  each  such  subscriber  of  £2  2s.  annually  shall  be  entitled  to  a  ticket 
to  admit  two  persons  to  the  rooms,  library,  meetings,  lectures,  and  public 
proceedings  of  the  Society ;  and  for  every  additional  £2  2s.,  subscribed 
annually,  two  other  persons  shall  be  admissible  up  to  the  number  of  ten 
persons  ;  and  each  such  Subscriber  shall  also  be  entitled  for  each  £2  2s. 
subscription  to  have  a  copy  of  the  Proceedings  of  the  Institute  sent  to  him. 

10. — In  case  any  Member,  who  has  been  long  distinguished  in  his  pro- 
fessional career,  becomes  unable,  from  ill-health,  advanced  age,  or  other 
sufficient  cause,  to  carry  on  a  lucrative  practice,  the  Council  may,  on  the 
report  of  a  Sub-Committee  appointed  for  that  purpose,  if  they  find  good 
reason  for  the  remission  of  the  annual  subscription,  so  remit  it.  They 
may  also  remit  any  arrears  which  are  due  from  a  member,  or  they  may 
accept  from  him  a  collection  of  books,  or  drawings,  or  models,  or  other 
contributions,  in  lieu  of  the  composition  mentioned  in  Bye-law  8,  and 
may  thereupon  constitute  him  a  Life  Member,  or  permit  him  to  resume 
his  former  rank  in  the  Institute. 

11. — Persons  desirous  of  becoming  Ordinary  Members  shall  be  proposed 
and  recommended,  according  to  the  Form  A  in  the  Appendix,  in  which 
form  the  name,  usual  residence,  and  qualifications  of  the  candidate 
shall  be  distinctly  specified.  This  form  must  be  signed  by  the  proposer 
and  at  least  five  other  Members  certifying  a  personal  knowledge  of  the 
candidate.  The  proposal  so  made  being  delivered  to  the  Secretary,  shall 
be  submitted  to  the  Council,  who  on  approving  the  qualifications  shall 
determine  if  the  candidate  is  to  be  presented  for  ballot,  and  if  it  is  so  deter- 
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mined,  the  Chairman  of  the  Council  shall  sign  such  approbation.  The 
same  shall  be  read  at  the  next  Ordinary  General  Meeting,  and  afterwards 
be  placed  in  some  conspicuous  situation  until  the  following  Ordinary 
General  Meeting,  when  the  candidate  shall  be  balloted  for. 

12. — Persons  desirous  of  being  admitted  into  the  Institute  as  Associate 
Members,  or  Students,  shall  be  proposed  by  three  Members;  Honorary 
Members  shall  be  proposed  by  at  least  five  Members,  and  shall  in  addition 
be  recommended  by  the  Council,  who  shall  also  have  the  power  of  defining 
the  time  during  which,  and  the  circumstances  under  which,  they  shall  be 
Honorary  Members.  The  nomination  shall  be  in  writing,  and  signed  by 
the  proposers  (according  to  the  Form  B  in  the  Appendix),  and  shall  be 
submitted  to  the  first  Ordinary  General  Meeting  after  the  date  thereof. 
The  name  of  the  person  proposed  shall  be  exhibited  in  the  Society's  room 
until  the  next  Ordinary  General  Meeting,  when  the  candidate  shall  be 
balloted  for. 

13. — Associate  Members  or  Students,  desirous  of  becoming  Ordinary 
Members,  shall  be  proposed  and  recommended  according  to  the  Form  C 
in  the  Appendix,  in  which  form  the  name,  usual  residence,  and  qualifi- 
cations of  the  candidate  shall  be  distinctly  specified.  This  form  must 
certify  a  personal  knowledge  of  the  candidate,  and  be  signed  by  the 
proposer  and  at  least  two  other  Members,  and  the  proposal  shall  then 
be  treated  in  the  manner  described  in  Bye-law  11.  Students  may  become 
Associate  Members  at  any  time  after  attaining  the  age  of  twenty-three 
on  payment  of  an  Associate  Member's  subscription. 

14. — The  balloting  shall  be  conducted  in  the  following  manner  : — 
Each  Member  attending  the  Meeting  at  which  a  ballot  is  to  take 
jtlace  shall  be  supplied  (on  demand)  with  a  list  of  the  names  of  the 
persons  to  be  balloted  for,  according  to  the  Form  D  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  he  desires  shall 
not  be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the 
presiding  Chairman  for  the  purpose,  and  such  scrutineers  shall  examine 
the  lists  so  returned,  and  inform  the  meeting  what  elections  have  been 
made.  No  candidate  shall  be  elected  unless  he  secures  the  votes  of  two- 
thirds  of  the  Members  voting. 

1 5. — Notice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  according  to  the  Form  E  in  the  Appendix,  enclosing 
at  the  same  time  a  copy  of  Form  F,  which  shall  be  returned  by  the 
person  elected,  signed,  and  accompanied  with  the  amount  of  his  annual 
subscription,  or  life  composition,  within  two  months  from  the  date  of 
such  election,  which  otherwise  should  become  void. 
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16. — Every  Ordinary  Member  elected  having  signed  a  declaration  in 
the  Form  F,  and  having  likewise  made  the  proper  payment,  shall  receive 
a  certificate  of  his  election. 

17. — Any  person  whose  subscription  is  two  years  in  anear  shall  be 
reported  to  the  Council,  who  shall  direct  application  to  be  made  for  it, 
according  to  the  Form  G  in  the  Appendix,  and  in  the  event  of 
its  continuing  one  month  in  arrear  after  such  application,  the  Council 
shall  have  the  power,  after  remonstrance  by  letter,  according  to  the 
Form  H  in  the  Appendix,  of  declaring  that  the  defaulter  has  ceased  to  be 
a  member. 

18. — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members,  and  they  think  fit  to  draw  up  and  sign 
a  proposal  requiring  such  expulsion,  the  same  being  delivered  to  the 
Secretary,  shall  be  by  him  laid  before  the  Council  for  consideration.  If 
the  Council,  after  due  inquiry,  do  not  find  reason  to  concur  in  the  pro- 
posal, no  entry  thereof  shall  be  made  in  any  minutes,  nor  shall  any  public 
discussion  thereon  be  permitted,  unless  by  requisition  signed  by  one-half 
the  Members  of  the  Institute  ;  but  if  the  Council  do  find  good  reason 
for  the  proposed  expulsion,  they  shall  direct  the  Secretary  to  address  a 
letter,  accordiug  to  the  Form  I  in  the  Appendix,  to  the  person  proposed 
to  be  expelled,  advising  him  to  withdraw  from  the  Institute.  If  that 
advice  be  followed,  no  entry  on  the  minutes  nor  any  public  discussion  on 
the  subject  shall  be  permitted  ;  but  if  that  advice  be  not  followed,  nor  an 
explanation  given  which  is  satisfactory  to  the  Council,  they  shall  call  a 
General  Meeting  for  the  purpose  of  deciding  on  the  question  of  ex- 
pulsion ;  and  if  a  majority  of  the  persons  present  at  such  Meeting 
(provided  the  number  so  present  be  not  less  than  forty)  vote  that  such 
person  be  expelled,  the  Chairman  of  that  Meeting  shall  declare  the 
same  accordingly,  and  the  Secretary  shall  communicate  the  same  to  the 
person,  according  to  the  Form  J  in  the  Appendix. 

19. — The  Officers  of  the  Institute,  other  than  the  Treasurer  and  the 
Secretary,  shall  be  elected  from  the  Original,  Ordinary,  and  Associate 
Members,  and  shall  consist  of  a  President,  six  Vice-Presidents,  and 
eighteen  Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Mem- 
bers of  the  Institute)  shall  constitute  the  Council.  The  President,  Vice- 
Presidents,  and  Councillors  shall  be  elected  at  the  Annual  Meeting  in 
August  (except  in  cases  of  vacancies)  and  shall  be  eligible  for  re-election, 
with  the  exception  of  any  President  or  Vice-President  who  may  have 
held  office  for  three  immediately  preceding  years,  and  such  six  Coun- 
cillors as  may  have  attended  the  fewest  Council  Meetings  during  the  past 
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year ;  but  such  Members  shall  be  eligible  for  re-election  after  being  one 
year  out  of  office. 

20. — The  Treasurer  and  the  Secretary  shall  be  appointed  by  the 
Council,  and  shall  be  removable  by  the  Council,  subject  to  appeal  to  a 
General  Meeting.     One  and  the  same  person  may  hold  both  these  offices. 

21. — Each  Original,  Ordinary,  and  Associate  Member  shall  be  at 
liberty  to  nominate  in  writing,  and  send  to  the  Secretary  not  less  than 
eight  days  prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly 
signed,  of  Members  suitable  to  fill  the  offices  of  President,  Vice-Presidents, 
and  Members  of  Council,  for  the  ensuing  year.  The  Council  shall  prepare 
a  list  of  the  persons  so  nominated,  together  with  the  names  of  the  Officers 
for  the  current  year  eligible  for  re-election,  and  of  such  other  Members  as 
they  deem  suitable  for  the  various  offices.  Such  list  shall  comprise  the 
names  of  not  less  than  thirty.  The  list  so  prepared  by  the  Council  shall 
be  submitted  to  the  General  Meeting  in  June,  and  shall  be  the  balloting 
list  for  the  annual  election  in  August.  (See  Form  K  in  the  Appendix.) 
A  copy  of  this  list  shall  be  posted  at  least  seven  days  previous  to  the 
Annual  Meeting,  to  every  Original,  Ordinary,  and  Associate  Member ;  who 
may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or 
names  of  any  other  person  or  persons  eligible  for  each  respective  office ; 
but  the  number  of  persons  on  the  list,  after  such  erasure  or  substitution, 
must  not  exceed  the  number  to  be  elected  to  the  respective  offices.  Papers 
which  do  not  accord  with  these  directions  shall  be  rejected  by  the  scruti- 
neers. The  Votes  for  any  Members  who  may  not  be  elected  President  or 
Vice-Presidents  shall  count  for  them  as  Members  of  the  Council.  The 
Chairman  shall  appoint  four  scrutineers,  who  shall  receive  the  balloting 
papers,  and,  after  making  the  necessary  scrutiny,  destroy  the  same,  and 
sign  and  hand  to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting 
papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  or 
be  handed  to  him,  or  to  the  Chairman  of  the  Meeting,  so  as  to  be  received 
before  the  appointment  of  the  scrutineers  for  the  election  of  Officers. 

22. — In  case  of  the  decease  or  resignation  of  any  Officer  or  Officers, 
the  Council,  if  they  deem  it  requisite  that  the  vacancy  shall  be  filled  up, 
shall  present  to  the  next  Ordinary  General  Meeting  a  list  of  persons  whom 
they  nominate  as  suitable  for  the  vacant  offices,  and  a  new  Officer  or 
Officers  shall  be  elected  at  the  succeeding  Ordinary  General  Meeting. 

23. — The  President  shall  take  the  chair  at  all  meetings  of  the 
Institute,  the  Council,  and  Committees,  at  which  he  is  present  (he 
being  ex-officio  a  member  of  all),  and  shall  regulate  and  keep  order  in  the 
proceedings. 
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24. — In  the  absence  of  the  President,  it  shall  be  the  duty  of  the 
senior  Vice-President  present  to  preside  at  the  meetings  of  the  Institute, 
to  keep  order,  and  to  regulate  the  proceedings.  In  case  of  the  absence 
of  the  President  and  of  all  the  Vice-Presidents,  the  meeting  may  elect 
any  Member  of  Council,  or  in  case  of  their  absence,  any  Member  present, 
to  take  the  chair  at  the  meeting. 

25. — The  Council  may  appoint  Committees  for  the  purpose  of  transact- 
ing any  particular  business,  or  of  investigating  specific  subjects  connected 
with  the  objects  of  the  Institute.  Such  Committees  shall  report  to  the 
Council,  who  shall  act  thereon  as  they  see  occasion. 

26. — The  Treasurer  and  the  Secretary  shall  act  under  the  direction 
and  control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

27. — The  Funds  of  the  Society  shall  be  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

28. — The  Copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  months,  shall  become 
vested  in  the  Institute,  and  such  communications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Council. 

29. — An  Ordinary  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  January  and  July)  at  two  o'clock,  unless  otherwise 
determined  by  the  Council ;  and  the  Ordinary  General  Meeting  in  the 
month  of  August  shall  be  the  Annual  Meeting,  at  which  a  report  of  the 
proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year,  shall 
be  presented  by  the  Council.  A  Special  General  Meeting  shall  be  called 
whenever  the  Council  may  think  fit,  and  also  on  a  requisition  to  the 
Council,  signed  by  ten  or  more  Members.  The  business  of  a  Special 
Meeting  shall  be  confined  to  that  specified  in  the  notice  convening  it. 

30. — At  meetings  of  the  Council,  five  shall  be  a  quorum.  The 
minutes  of  the  Council's  proceedings  shall  be  at  all  times  open  to  the 
inspection  of  the  Members. 

31. — All  Past-Presidents  shall  be  ex-officio  Members  of  the  Council  so 
long  as  they  continue  Members  of  the  Institute,  and  Vice-Presidents  who 
have  not  been  re-elected  or  have  become  ineligible  from  having  held  office 
for  three  consecutive  years,  shall  be  ex-officio  Members  of  the  Council  for 
the  following  year. 

32. — Every  question,  not  otherwise  provided  for,  which  shall  come 
before  any  Meeting,  shall  be  decided  by  the  votes  of  the  majority  of  the 
Original,  Ordinary,  and  Associate  Members  then  present. 


(lv) 

83. — All  papers  shall  be  sent  for  the  approval  of  the  Council  at  least 
twelve  days  before  a  General  Meeting,  and  after  approval,  shall  be  read 
before  the  Institute.  The  Council  shall  also  direct  whether  any  paper 
read  before  the  Institute  shall  be  printed  in  the  Transactions,  and  notice 
shall  be  given  to  the  writer  within  one  month  after  it  has  been  read, 
whether  it  is  to  be  printed  or  not. 

34. — All  proofs  of  reports  of  discussions,  forwarded  to  Members  for 
correction,  must  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

35. — The  Institute  is  not,  as  a  body,  responsible  for  the  statements 
and  opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  dis- 
cussions which  may  take  place  at  the  meetings  of  the  Institute. 

36. — Twelve  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use. 

37. — Members  elected  at  any  meeting  between  the  Annual  Meetings 
shall  be  entitled  to  all  papers  issued  in  that  year,  so  soon  as  they  have 
signed  and  returned  Form  F,  and  paid  their  subscriptions. 

38. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to 
Members  whose  subscriptions  are  more  than  one  year  in  arrear. 

39. — No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  of  the  Members  unless  by  written  order  from  the  Council. 

40. — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangers  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote.  Any 
Member  of  the  Institute  shall  also  have  power  to  introduce  two  strangers 
(see  Form  L)  to  any  General  Meeting,  but  they  shall  not  take  part  in  the 
proceedings  except  by  permission  of  the  Meeting. 

41. — No  alteration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  be 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws. 

Approved, 

E.  ASSHETON  CROSS. 

Whitehall, 

2nd  July,  1877. 


(Ivi) 


APPENDIX  TO  THE  BYE-LAWS. 


[FORM  A.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  upwards  of  twenty-eight  years  of  age,  and  desirous  of  being  elected 
an  Ordinary  Member  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  I  recommend  him  from  personal  knowledge  as  a 
person  in  every  respect  worthy  of  that  distinction,  because — 

[Here  specify  distinctly  the  qualification  of  the  Candidate,  according  to  the  spirit 

of  Bye-laiv  3.] 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed ___ Member. 

Dated  this  day  of  18 

"We,  the  undersigned,  concur  in  the  above  recommendation,  being 
convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted 
an  ordinary  Member. 

FEOM   PERSONAL    KNOWLEDGE. 


Five 
Members. 


\_To  he  filled  up  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  a  of  the  North  of  England  Institute 

of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Dated  this  day  of  18 


(lvii) 

[FORM  B.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  desirous  of  admission  into  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  we,  the  undersigned,  propose  and  recommend 
that  he  shall  become  [an  Honorary  Member,  or  an  Associate  Member,  or 
a  Student]  thereof. 


Three* 
f  Members. 


*  If  an  Honorary  Member,  five  signatures  are  necessary,  and  the  following 
Form  must  be  filled  in  by  the  Council. 

Dated  this  day  of  18 


[To  be  filled  up  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  an  Honorary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Dated  day  of  18 


[FORM  C] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  at  present  a  of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers,  and  upwards  of  twenty-eight  years  of  age,  and 
being  desirous  of  becoming  an  Ordinary  Member  of  the  said  Institute,  I 
recommend  him,  from  personal  knoivledge,  as  a  person  in  every  respect 
worthy  of  that  distinction,  because — 

[Here  specify  distinctly  the  Qualifications  of  the   Candidate  according  to  the  spirit 

of  Bye-law  3.] 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed Member. 

Dated  this  day  of  18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being 

h 


(lviii) 

convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted 
an  Ordinary  Member. 

FROM   PERSONAL   KNOWLEDGE. 

)       Two 

C  Members. 

[To  be  filled  up  ly  the  Council.'] 
The  Council,  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  an  Ordinary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Dated  day  of  18 


[FORM  D.] 
List  of  the  names  of  persons  to  be  balloted  for  at  the  Meeting  on 
,  the  day  of  18 

Ordinary  Members: — 


Associate  Members: — 


Honorary  Members: — 


Students: 


Strike  oat  the  names  of  such  persons  as  you  desire  should  not  be 
elected,  and  hand  the  list  to  the  Chairman. 


[FORM  E.] 

Sir,  I  beg  leave  to  inform  you  that  on  the  day  of 

you  were  elected  a  of  the  North  of  England  Institute  of 

Mining  and  Mechanical  Engineers,  but  in  conformity  with  its  Rules  your 
election  cannot  be  confirmed  until  the  enclosed  form  be  returned  to  me 


(lix) 

with  your  signature,  and  until  your  first  annual  subscription  be  paid,  the 
amount  of  which  is  £  ,  or,  at  your  option,  the  life-composition 

of  £ 

If  the  subscription  is  not  received  within  two  months  from  the  pre- 
sent date,  the  election  will  become  void  under  Bye-law  15. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 
Dated  18 


[FORM  P.] 

I,  the  undersigned,  being  elected  a  of  the  North 

of  England  Institute  of  Mining  and  Mechanical  Engineers,  do  hereby 
agree  that  I  will  be  governed  by  the  Charter  and  Bye-laws  of  the 
said  Institute  for  the  time  being;  and  that  I  will  advance  the  objects 
of  the  Institute  as  far  as  shall  be  in  my  power,  and  will  not  aid  in  any 
unauthorised  publication  of  the  proceedings,  and  will  attend  the  meetings 
thereof  as  often  as  I  conveniently  can;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  be  a  Member. 

Witness  my  hand  this  day  of  18 


[FORM  G.] 

Sie, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  draw  your  attention  to  Bye- 
law  17,  and  to  remind  you  that  the  sum  of  £  of  your  annual 
subscriptions  to  the  funds  of  the  Institute  remains  unpaid,  and  that  you 
are  in  consequence  in  arrear  of  subscription.  I  am  also  directed  to 
request  that  you  will  cause  the  same  to  be  paid  without  further  delay, 
otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  by  the  article  above 
referred  to. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 
Dated  1 8 


(k) 

[FOEM  H.] 

gIR> — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you,  that  in  consequence 
of  non-payment  of  your  arrears  of  subscription,  and  in  pursuance  of 
Bye-law  17,  the  Council  have  determined  that  unless  payment  of  the 
amount  £  is  made  previous  to  the  day  of 

next,  they  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member 
of  the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  pay- 
ment of  the  arrears  due  from  you. 

I  am,  Sir, 

Yours  faitlifully, 

Secretary. 
Dated  18 


[FOEM  I.] 

Sir, — 1  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you  that,  upon  mature 
consideration  of  a  proposal  which  has  been  laid  before  them  relative  to 
you,  they  feel  it  their  duty  to  advise  you  to  withdraw  from  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  accordance  with  Bye- law  18. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 
Dated  18 


[FOEM  J.] 

Sir, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a 

Special  General  Meeting  of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers,  held  on  the  day  of 

18        ,  according  to  the  provisions  of  Bye-law  18, 

you  have  ceased  to  be  a  Member  of  the  Institute. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 
Dated  18 


(lxi) 
[FORM  K.] 

BALLOTING      LIST. 


Ballot  to  take  place  at  the  Meeting  of  18  at  Two  o'Clock. 


President — One  Name  only  to  be  returned,  or  the  vote  will  be  lost. 
President  for  tbe  current  year  eligible  for  re-election. 

'  >  New  Nominations. 


Vice-Presidents — Six  Names  only  to  be  returned,  or  the  vote 
will  be  lost. 
The  Votes  for  any  Members  who  may  not  be  elected  as 
President  or  Vice-Presidents  will  count  for  them  as  other  Members 
of  the  Council. 


.a 


Vice-Presidents  for  the  current  year  eligible   for  re- 
election. 


New  Nominations. 


Council-  Eighteen  Names  only  to  be  returned,  or  the  vote 
will  be  lost. 


.  Members  of  the  Council  for  the  current  year  eligible  for 
f  re-election. 
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dominations. 


Extract  from  Bye-law  21. 

Each  Original,  Ordinary,  and  Associate  Member  shall  be  at  liberty  to  nominate 
in  writing,  and  send  to  the  Secretary  not  less  than  eight  days  prior  to  the  Ordinary 
General  Meeting  in  June,  a  list,  duly  signed,  of  Members  suitable  to  fill  the  Offices  of 
President,  Vice-Presidents,  and  Members  of  Council,  for  the  ensuing  year.  The 
Council  shall  prepare  a  list  of  the  persons  so  nominated,  together  with  the  names  of 
the  Officers  for  the  current  year  eligible  for  re-election,  and  of  such  other  Members  as 
they  deem  suitable  for  the  various  offices.  Such  list  shall  comprise  the  names  of  not 
less  than  thirty.  The  list  so  prepared  by  the  Council  shall  bo  submitted  to  the  General 
Meeting  in  June,  and  shall  bo  the  balloting  list  for  the  annual  election  in  August. 
(See  Form  K  in  the  Appendix.)    A  copy  of  this  list  shall  be  posted  at  least  seven  days 


£ 
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previous  to  the  Annual  Meeting,  to  every  Original,  Ordinary,  and  Associate  Member; 
who  may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or  names  of 
any  other  person  or  persons  eligible  for  each  respective  office  ;  but  the  number  of  per- 
sons on  the  list,  after  such  erasure  or  substitution,  must  not  exceed  the  number  to  be 
elected  to  the  respective  offices.  Papers  which  do  not  accord  with  these  directions 
shall  be  rejected  by  the  Scrutineers.  The  votes  for.  any  Members  who  may  not  be 
elected  President  or  Vice-Presidents  shall  count  for  them  as  Members  of  the  Council. 
The  Chairman  shall  appoint  four  Scrutineers,  who  shall  receive  the  balloting  papers, 
and  after  making  the  necessary  scrutiny  destroy  the.same,  and  sign  and  hand  to  the 
Chairman  a  list  of  the  elected  Officers.  The  balloting'papers  may  be  returned  through 
the  post,  addressed  to  the  Secretary,  or  be  handed  to  him,  or  to  the  Chairman  of  the 
Meeting,  so  as  to  be  reoeived  before  the  appointment  of  the  Scrutineers  for  the  election 
of  Officers. 


Names  substituted  for  any  of  the  above  are  to  be  written  in  the 
blank  spaces  opposite  those  they  are  intended  to  supersede. 
The  following  Members  are  ineligible  from  causes  specified  in 

Bye-law  19:— 

As  President 

As  Vice-President         

As  Councillors 


[FORM  L.] 
Admit 
of 

to  the  Meeting  on  Saturday,  the 
(Signature  of  Member  or  Student) 

The  Chan-  to  be  taken  at  Two  o'Clock. 
I  undertake  to  abide  by  the   Regulations  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any 
unauthorised  publication  of  the  Proceedings. 

(Signature  of  Visitor) 
Not  transferable. 


NORTH   OF   ENGLAND   INSTITUTE 


MINING  AND  MECHANICAL  ENGINEERS. 


GENERAL  MEETING,  SATURDAY,  SEPT.  7th,  1878.  IX  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


G.  C.  GREEN  WELL,  Esq.,  President,  in  the  Chair. 


The  Assistant  Secretary  read  the  minutes  of  the  last  meeting  and 
the  minutes  of  the  Council  meetings. 

The  following  gentlemen  were  elected: — 

Honorary  Member— 

M.  VriLLEMiN,  Engineer  and  General  Director  of  the  Mines  at  Aniche,  and 
Vice-President  of  the  Societe  de  l'lndnstrie  Minerale,   France. 

Ordinary  Members — 
Mr.  Robert  Winstani.ey,  M.E.,  Manchester. 
Mr.  JAMES  Hunter  CtorDiE,  Engineer,  Maryport  Iron  Works. 
Mr.  John  Lancaster,  M.E.,  Anchinheath.  &c,  Collieries,  Lanarkshire. 

Associates 

Mr.  W.  GASCOYNE  Dalziel.  M.E.,  2,  Pembroke  Terrace.  Cardiff. 
Mr.  John  Edok,  Colebrook  Dale,  Salop,  Shropshire. 

Student  — 
Mr.  11.  0.  Maccabe,  M.E.,  Chilton  Colliery.  Ferry  Hill. 

VOL.  XXVIII.— 187R.  , 


2  PROCEEDINGS. 

The  following  were  nominated  for  election  at  the  next  meeting  : — 

Ordinary  Member — 
Mr.  Henry  Bramall,  Mem.  Inst.  C.E.,  St.  Helens,  Lancashire. 

Associates — 

Mr.  Nathan  Miller,  Kurhurballa  Collieries,  East  India  Railway,  Chord  Line, 

Bengal. 
Mr.  W.  S.  Gresley,  M.E.,  Overseale,  Ashby-de-la-Zouch. 

Stfdents — 

Mr.  Robert  Bttckham,  East  Pontop  Colliery,  Lintz  Green. 
Mr.  Edward  F.  Melly,  Nunnery  Colliery  Offices,  Sheffield. 

Mr.  G.  A.  Lebour  having  been  called  upon  to  read  his  "Notes  on 
some  of  the  Sections  of  the  Carboniferous  Limestone  Series  of  Northumber- 
land, published  by  the  Institute  in  the  first  Part  of  the  '  Account  of 
Borings  and  Sinkings,' "  said,  that  with  the  permission  of  the  Chairman 
he  would  ask  the  meeting  to  take  the  notes  as  read,  as  they  referred  to  the 
sections  published,  and  would,  if  read  apart  from  those  sections,  be  almost 
unintelligible  ;  and  he  did  so  the  more  readily  as  the  other  paper  on  the 
programme  was  one  of  considerable  length  and  importance,  and  the 
author  had,  he  believed,  travelled  a  very  long  distance  to  read  it. 

The  meeting,  having  been  consulted,  agreed  to  Mr.  Lebour's  pro- 
position, and  the  following  paper  was  considered  as  read: — 


MR.    IjEBOUR  S   NOTES. 


BRIEF  NOTES  ON  ROME  OF  THE  SECTIONS  OF  THE 
CARBONIFEROUS  LIMESTONE  SERIES  OF  NORTHUM- 
BERLAND, PUBLISHED  IN  THE  FIRST  PART  OF  THE 
"ACCOUNT  OF  BORINGS  AND  SINKINGS." 


By  G.  A.  LEBOUR, 

Member  or  the  Institute,  F.G.S.,  Lecturer  in  Geological  Surveying  in  the  University 
of  Durham  College  of  Physical  Science,  Newcastle. 


The  following  short  memoranda  may,  it  is  thought,  add  somewhat  to 
the  interest  of  the  more  obscure  sections  contained  in  the  first  batch  of 
boring  accounts  just  issued  by  the  Institute.  They  may  serve  to  direct  the 
attention  of  members  having  special  knowledge,  or  special  opportunities, 
to  some  points  in  local  geology  which  require  and  deserve  elucidation. 

The  stratigraphical  nomenclature  adopted  is  that  proposed  by  the 
writer  in  187G,  in  his  paper  "  On  the  larger  divisions  of  the  Carboniferous 
System  in  Northumberland."* 

The  numbers  are  those  of  the  sections,  as  given  in  the  work  referred  to. 

I. 
No.  6.— ACOMB  COLLIERY.     (Page  4.) 

The  chief  geological  interest  of  this  section  lies  in  the  drift  deposits, 
especially  the  "strong  clay"  and  "loamy  sand"  underlying  the  "gravel 
and  stones."  The  two  former  divisions  are  well  exposed  in  the  tile  works 
between  the  colliery  and  the  North  Tyne,  by  the  side  of  the  North 
British  Railway,  and  consist  of  extremely  finely  laminated  fresh-water 
sandy  clay,  more  resembling  the  "  warp"  of  Yorkshire  than  any  other 
Northumbrian  deposit  known  to  the  writer.  The  laminae  are  so  regular 
and  thin  as  to  be  quite  coherent,  a  peculiarity  commoner  in  still-water 
sediments  than  in  those  of  rapid  rivers.  Indeed,  it  is  probable  that  the 
Acomb  clay-beds  are  lacustrine  in  character,  and  represent  the  ooze  of  a 
small  lake  which  once  existed  between  the  St.  John  Lee  and  Warden 

*  Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  Vol.  XXV. 
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Hills,  occupying  (though  at  a  higher  level)  much  the  same  position  as 
the  recent  alluvial  haugh  between  the  North  and  South  Tyne  rivers.  No 
fossils  have,  to  the  writer's  knowledge,  been  yet  found  in  the  clay ;  but 
it  is  probable  that  minute  crustacean  remains  (Entomostraca)  will  be 
discovered  in  it  on  careful  inspection. 

The  clay,  as  will  be  seen  in  the  section,  rests  immediately  on  the 
denuded  edges  of  the  Bernician  rocks,  in  the  same  manner  as  the  Boulder 
clay  of  the  district,  with  which  it  cannot,  however,  be  compared.  The 
overlying  gravels  belong  to  the  series  which  form  the  well-marked  terraces 
along  the  South  Tyne  valley,  and  which  are  but  poorly  represented  along 
the  North  Tyne.  So  marked  is  this,  that  salmon  fishers  (who  are  well 
acquainted  with  the  general  appearance  of  the "  river-gravels  in  each 
valley)  recognize  the  tilery  pebbles  at  once  as  being  of  the  South  Tyne 
type.  There  is  no  passage  between  the  gravel  and  the  clay  beyond  the 
"  loamy  sand"  mentioned  in  the  section,  but  the  beds  are  perfectly 
conformable. 

In  age  the  clays  are  then,  it  appears,  intermediate  between  the  Boulder 
clay  proper  and  the  high-level  gravels  of  the  South  Tyne  valley,  which 
are  themselves  partly  glacial  in  origin  (containing  striated  pebbles  in 
places)  and  partly  post-glacial — that  is,  true  river-gravels.  The  re- 
assortment  of  the  glacial  beds  into  the  latter  makes  it  often  very  difficult 
to  distinguish  the  two  kinds. 

The  fine  leafy  clay  of  Acomb  may  therefore  be  looked  upon  as  a  late 
inter-glacial  deposit. 

The  "  limestone"  of  the  section  is  the  Little  Limestone  (that  next 
above  the  Great  Limestone)  of  the  Upper  Bernician  Series.* 

II. 
No.  8.— AID  CRAG.     (Page  7.) 

This  section  is  in  the  Lower  Bernician  beds,  near  the  horizon  of  the 
Bidsdale  Ironstone  Shale.  It  was  taken  close  to  a  fault  of  considerable 
throw,  and  its  exact  position  with  reference  to  the  shale  is  somewhat 
doubtful  in  consequence.  Properly  it  should  be  studied  in  connection 
with  the  sections  of  Bidsdale,  Hareshaw,  and  Bellingham. 

III. 
Nos.  9-12—  ALLENSHEAD  OR  ALLEN'S  CLOSE.     (Pages  7-9.) 

The  place  is  now  known  usually  as  "  Closehead." 

*  See  Lebour  "  On  the  Little  Limestone  and  its  accompanying  Coal  in  South 
Northumberland."  (Transactions  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  Vol.  XXIV.,  pages  72-83.) 
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The  coal  at  the  bottom  ol*  No.  9  has  been  worked  on  a  small  scale 
for  land-sale  purposes  for  a  considerable  number  of  years.  It  lies  low 
down  in  the  Lower  Bernician  series,  and  is  liable  to  great  variations  of 
thickness  in  short  distances,  being  at  times  nearly  five  feet  thick.  The 
immediate  neighbourhood  is,  however,  much  faulted,  and  the  seam  is  cut 
through  by  ancient  washes  or  "  stone  dykes."  The  precise  horizon  of  the 
beds  here  is  open  to  discussion. 

IV. 
Nos.  44,  45.— BAM  BOROUGH.     (Pages  44,  45.) 

These  sections  are  in  the  Upper  Bernician  series,  but  their  exact 
position  within  that  series  is  not  known.  The  intrusive  sheets  of  the 
Whin  Sill  intersecting  the  district  add  to  the  difficulty  of  clearing  up 
this  point — an  important  one,  since  on  it  depends,  to  a  great  degree,  the 
identification  of  the  interesting  beds  with  Posidonomya  Becheri  and  plants 
at  Budle.  It  is  thought  probable  that  the  horizon  may  prove  to  be  about 
that  of  the  Little  Limestone. 

v. 

Nos.  96-99.— BELLINGHAM.     (Pages  83-85.) 

No.  90  is  an  extremely  detailed  section  of  the  Ridsdale  ironstone  shale, 
as  it  was  measured  in  Hareshaw  Burn.  The  ironstone  varies  very  much 
in  the  size  of  its  nodules,  so  that  the  separate  thicknesses  given  can  only 
be  relied  on  for  the  particular  spot  at  which  they  were  measured.  At 
the  bottom  of  the  first  column  of  No.  97,  the  ironstone  shale  is  given  as 
a  whole  with  a  thickness  of  29  feet.  The  "  Isabella"  and  "  Thomas'' 
ironstones  are  continuous  layers  of  clay  ironstone  below  the  Ridsdale 
shale,  which  were  formerly  worked  as  a  "  black  band,"  with  the  inter- 
vening splint  coal  parting.  These  bands  do  not  appear  to  be  very 
constant.  The  limestone  in  this  section  is  the  Bottom  Limestone  of 
Ridsdale,  a  bed  in  the  Lower  Bernician  series.  At  the  Ridsdale  Quarries 
a  bed  of  sandstone  alone  intervenes  between  the  limestone  and  the  iron- 
stone shale  ;  this  has  been  split  up  into  the  seven  divisions  of  the  present 
section  (including  a  thin  coal-seam)  in  a  distance  not  exceeding  five 
miles. 

The  shale  heap  at  the  mouth  of  No.  97  is  rich  in  Bernician  fossils, 
and  especially  in  fine  specimens  of  Conularia  quadrisiikata,  a  form  which 
is  very  rare  elsewhere  at  the  same  horizon. 

No.  98  is  a  section  below  the  horizon  of  the  ironstone  shale,  the 
Upper  Hall  seam  being  seven  or  eight  fathoms  beneath  the  latter. 
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No.  99. — The  Hareshaw  Head  coal  occurs  still  lower  in  the  series 
than  the  last-mentioned  seam.  It  is  of  excellent  quality,  and  has  long 
been  worked  for  land-sale  purposes. 

VI. 
Nos.  103-126.— BELSAY.     (Pages  88-98.) 

The  identification  of  the  exact  position  of  these  numerous  shallow 
borings  seems  to  be  now  almost  impossible.  All,  however,  refer  to  the 
Upper  Bernician  series  from  the  Little  Limestone  coal  upwards.  In  this 
district  there  is  a  great  thickening  of  this  uppermost  portion  of  the  series, 
and  a  number  of  seams  above  a  foot  thick  are  found  between  the  Felltop 
and  the  Little  Limestones,  which  are,  further  to  the  north  and  south, 
either  mere  scares  of  coal  or  altogether  wanting. 

VII. 
Nos.  182-187.— BIRDHOPE  CRAIG.     (Pages  138-141.) 

All  these  sections  are  low  down  in  the  Lower  Bernician  Rocks,  much 
below  the  Ridsdale  Series. 

In  No.  184,  for  "  Sill  Burn"  read  "  Sills  Burn."  The  latter  is  one  of 
the  streams  running  into  the  Redewater  from  the  north.  Its  bed  affords 
an  admirable  view  of  the  beds  or  sills;  hence  the  name. 

VIII. 
No.  188.— BIRKSHAW     (Page  141.) 

The  limestone  in  this  section  is  the  Little  Limestone.  See  the 
writer's  paper,  already  quoted,  on  that  bed  and  its  accompanying  coal. 
(Transactions  of  the  North  of  England  Institute  of  Mining  and  Me- 
chanical Engineers,  Vol.  XXIV.) 

IX. 

No.  288.— BRANDYWELL  HALL.     (Page  218.) 

The  "  Blue  and  black  stony  clay,  with  whin  tumblers  or  open  lime- 
stone," appears  to  be  Boulder  clay  resting  upon  the  glaciated  and  eroded 
surface  of  the  Little  Limestone. 

X. 

No.  292.— BRINKBURN.     (Pages  220,  221.) 

This  is  a  general  section  only,  constructed  from  various  borings  or 
sinkings,  and  from  surface  observations.  The  account,  therefore,  although 
it  may  be  correct  in  its  parts,  cannot  be  held  to  represent  a  true  section  of 
the  beds  at  any  one  point. 
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For  "  Beadwell  Limestone"  read  "  Bcadnell  Limestone." 
The  Eight-Yard  Limestone  is  that  known  south  of  this  distriet  as  the 
Four- Fathom  Limestone.     The  Main  Coal  here  is  the  Shilbottle  Seam. 

XI. 
No.  336.— BURRADON.     (Page  252.) 

The  position  of  this  section  is  a  little  to  the  South  of  Biddlestone  Edge, 
and  not  far  from  the  village  of  Netherton,  at  the  foot  of  the  Cheviots. 
It  is  specially  interesting  as  being  either  at  the  very  base  of  the  Lower 
Bernician,  or  in  the  Tuedian  or  Calciferous  Sandstone  series,  where 
measured  sections  are  extremely  scarce. 


Mr.  Arthur  R.  Sawyer,  Assoc.  R.S.M.,  then  read  the  following 
Paper: — "  Mining  at  Saarbriicken,  with  an  Account  of  the  Structure  of 
the  Coal-Field." 


THE   RAARWmOKEN  OOAL-PIELD. 


MINING  AT  SAARBRUCKEN,  WITH  AN  ACCOUNT  OF  THE 
STRUCTURE  OP  THE  COAL-FIELD. 


By  A.  R.  SAWYER,  Assoc.  R.S.M. 


The  Saarbnicken  Coal-field  is  one  of  the  largest  in  Europe.  The  great 
number  of  faults  and  other  irregularities,  the  presence  of  pyrites  in  the 
bands  and  cleat  of  the  coal,  to  which  many  a  fire  is  due,  and  the  frequent 
occurrence  of  fire-damp,  all  tend  to  render  the  winning  difficult. 

I.— HISTORY. 

Coal  is  first  mentioned  here  in  1529,  in  an  Act  which  secures  all  minerals, 
"  also  coals,"  to  the  manor  of  Saarbnicken.  About  the  beginning  of  the 
eighteenth  century,  collieries  are  mentioned  at  Neunkirchen  Wellesweiler, 
Bexbach,  Friedrichsthal,  Illingen,  and  Schwalbach ;  these  were,  however, 
worked  on  a  small  scale  from  adit  levels  or  by  means  of  shallow  pits  which 
were  sunk  until  stopped  by  water. 

By  a  princely  decree  of  December  12th,  1754,  all  private  "coal- 
diggings  "  became  the  property  of  Prince  Wilhelm  of  Nassau-Saar- 
briieken,  compensation  being  given,  and  were  placed  under  the  supervi- 
sion of  a  manager  and  several  under-viewers. 

Coal  was  used  till  1765,  only  for  lime  kilns;  from  that  time  it  was 
used  for  house  purposes;  a  little  later  for  glassworks,  etc. 

During  the  French  occupation  the  collieries  were  worked  by  the 
Republic  from  1793-97,  then  given  over  to  a  Paris  Company,  and  in 
1808  placed  under  Imperial  supervision. 

By  the  treaty  of  1815  they  were  handed  over  to  Prussia,  by  whom 
they  have  been  made  the  largest  works  under  one  management  in  the 
world.  Under  the  energetic  management  of  Leopold  Sello,  who  was 
director  of  the  Saarbnicken  collieries  from  March,  1816,  to  October, 
1857,  the  yearly  output  rose  from  20,000  tons  to  300,000  tons. 

The  first  steam  engine  was  put  up  in  1830  ;  the  first  steam  pumping 
and  winding  engines  in  1838  ;  haulage  by  steam  was  introduced  in  1861, 

VOL.  XXVIII— 1878. 
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and  the  first  boring  machines  in  1867.  In  1874  the  Saarbriicken  collieries 
yielded  an  output  of  4,158,245  tons,  and  employed  21,000  workmen, 
500  horses,  and  199  steam  engines  equal  to  10,300  horse-power. 

II.— SITUATION  OF  THE  COAL-FIELD  AND  EXTENT  OF  EXPOSED  AREA 
OF  COAL-MEASURES. 

This  coal-field  lies  south  of  the  Hunsruck,  and  is  bounded  by  the  rivers 
Saar,  Blies,  and  Nahe.  (See  Plates  I.,  II.,  III.,  IY.)  Its  principal  portion 
is  on  the  right  of  the  Saar,  extending  towards  the  Rhine;  a  very  small 
portion  being  on  the  left.  The  greater  part  of  the  coal-field  is  situated  in 
Rhenish  Prussia,  a  small  and  valuable  portion  in  Rhenish  Bavaria,  and 
another  small  portion  in  Lorraine.  The  exposed  area  of  the  Saarbriicken 
division  of  the  coal-measures  proper,  which  is  the  only  important  one  com- 
mercially, has  an  oval  shape,  and  is  about  ninety  square  miles  in  extent. 
The  larger  axis,  which  is  about  twenty-one  miles  long,  has  a  N.E.E. 
direction ;  the  smaller  axis  is  about  six  miles  long. 

III.— GEOLOGICAL  BOUNDARIES  OF  THE  COAL-FIELD. 

The  line  of  contact  between  the  Permian  and  the  Devonian  slates 
forms  the  northern  boundary  of  the  coal-field.  The  Devonian  slates 
have  here  a  southerly  dip  which  is  nearly  vertical.  The  Permian  hies 
against  it  with  a  gentle  dip  of  from  18  degrees  to  20  degrees  to  the  south. 


HUNDSRUCK 


PERMIAN 

Coal  Field 


The  prolongation  of  this  line  of  contact  falling  in  with  the  sudden  bend  of 
the  Rhine  from  Biebrich  to  Bingen  (see  Fig  1.)  leads  to  the  belief  in  the 
existence  of  a  great  fault  along  that  line. 

The  eastern  boundary  also  seems  to  have  been  formed  by  a  fault  which 
was  accompanied  by  an  outflow  of  eruptive  rock.  Tertiary  rocks  occur 
on  the  other  side  of  this  boundary;  they  disclose  Bunter  between  Oppen- 
heim  and  Mayence. 

"Not  only  do  eruptive  rocks  (Quartz  Porphyry  and  Melaphyre)  occur 
along  the  eastern  boundary  as  at  Kreuznach  and  the  Donnersberg,  but  they 
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also  occur  at  many  other  places,  especially  along  the  Nahe,  beginning  at 
Littermont.  This  constitutes  an  essential  difference  between  the  Saar- 
briicken coal-field  and  those  of  Westphalia  and  Belgium,  in  which  no 
eruptive  rooks  occur;  it  bears  analogy  to  the  coal-field  of  Lower  Silesia, 
in  which  eruptive  rocks  are  found.  There  is  conclusive  evidence  that  the 
southern  boundary,  like  the  northern,  is  formed  by  a  large  dislocation  of 
great  thickness.  The  parallelism  between  those  two  boundaries  is  very 
great.  More  will  be  said  about  it  in  describing  the  lower  group  of  seams 
in  the  Carboniferous  formation. 

In  the  west,  the  coal-measures  pass  under  the  Bunter.  The  borings 
made  by  the  French,  which  proved  coal-bearing  strata  about  nine  miles 
beyond  the  beginning  of  the  Bunter,  have  not  given  very  favourable 
results.  The  Bunter  below  the  level  of  the  valleys  was  found  to  be  so 
impregnated  with  water,  and  so  traversed  by  faults,  that  when  of  great 
thickness  the  sinking  of  pits  through  it  meets  with  almost  insurmountable 
difficulties.  The  Saarbriicken  division  of  the  coal-measures  was  also 
found  to  occur  at  a  very  great  depth.  Of  forty  boreholes,  some  of  which 
reached  a  depth  of  over  1,800  feet,  twenty-six  have  reached  coal-bearing 
strata,  some  passing  through  nine  seams.  Eight  have  been  abandoned 
too  early.  The  remaining  six  were  sunk  in  non-coal-bearing  strata  or 
younger  formations;  one  of  these,  which  was  sunk  at  Coume  to  a  depth 
of  338  feet,  did  not  pass  beyond  the  Muschelkalk. 

The  cost  of  sinking  these  boreholes  is  estimated  at  three  million  francs. 

Boreholes  sunk  south  of  Forbach  have  proved  failures.  Those  of 
Grossbliedersdorff,  listing,  Morsbach,  Merlebach,  Freyming,  St.  Avoid, 
Longeville,  and  Oderfang,  which  were  sunk  to  a  great  depth,  remained 
either  in  the  Bunter  or  passed  into  the  Ottweiler  division  of  the  coal- 
measures.  They  all  point  to  the  presence  of  a  large  fault  stretching  east 
and  west.  The  deepest  of  these  holes,  that  of  Freyming,  passed  through 
758  feet  of  Bunter  and  1,024  feet  of  Ottweiler  strata. 

IV.— GEOLOGICAL  POSITION  OF  THE  COAL-FIELD  IN  RELATION 
TO  THOSE  OF  WESTPHALIA  AND  BELGIUM. 

The  Saarbriicken  coal-field  is  situated  on  the  southern  slope  of  the 
immense  mass  of  Devonian  and  Metamorphic  slates,  on  the  northern  slope 
of  which  the  Westphalian,  the  Belgian,  and  the  Aix-la-Chapelle  (Inde 
and  Wurm),  coal-fields  lie  stretched  out. 

These  latter  rest  conformably  on  Mountain  and  Devonian  limestones, 
and  with  these,  present  a  wavy  and  zdg-zagged  structure.  They  are 
known  to  extend  northwards  under  newer  formations. 
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The  older  members  of  the  Saarbriicken  coal-field,  on  the  contrary,  are 
not  known,  nor  has  the  coal-field  been  satisfactorily  explored  below  the 
newer  overlying  formations. 

Whether  the  mass  of  Devonian  and  Metamorphic  slates  assumed  its 
present  position  before  the  formation  of  the  coal-measures  on  its  slopes ; 
or  whether  the  present  coal-fields,  which  skirt  these  slopes,  are  the  remains 
of  a  large  carboniferous  deposit  which  has  been  partly  denuded  away 
during  the  gradual  rising  of  the  slates,  and  accompanying  submergence 
of  the  North  Sea,  is  uncertain.  The  latter  explanation  seems  the  most 
probable. 

V.— STRATA  OVERLYING  THE  COAL-MEASURES. 

The  coal-measures  are  covered  to  the  south  and  west  by  Triassic 
strata,  and  to  the  north  and  east  by  Permian  strata. 

The  latter  form,  with  the  coal-measures,  such  an  intimate  system  of 
stratification,  that  for  a  long  time  all  the  coal-bearing  Permian  strata 
were  considered  carboniferous.  It  may  be  remarked  that  just  as  here,  so 
in  the  Kansas  and  in  the  eastern  slopes  of  the  Eocky  Mountains,  the 
Permian  is  so  completely  conformable  to  the  carboniferous  formation  that 
no  distinct  line  of  demarcation  can  be  drawn  between  them. 

Permian  strata,  corresponding  to  the  magnesian  limestones  and  marl- 
slates  here,  do  not  occur. 

The  "  Rothliegende,"  corresponding  to  the  Permian  lower  red  sand- 
stones and  marls  here,  is  well  represented. 

The  Triassic  strata  consist  of  three  members :  the  Keuper,  the 
Muschelkalk  (wanting  in  England),  and  the  Bunter.  The  Keuper  is  very 
insignificant  in  this  coal-field,  but  the  Muschelkalk  and  the  Bunter  are 
well  developed. 

The  latter  must  once  have  covered  the  whole  of  the  coal-measures,  as 
may  be  inferred  by  outliers,  many  of  which  lie  on  the  highest  points. 
The  coal-measures  must  already  have  been  tilted,  denuded,  and  traversed 
by  faults  before  the  deposition  of  the  Bunter  took  place.  The  Bunter  lies 
unconformably  to  the  coal-measures,  dipping  in  the  opposite  direction. 
The  dip,  which  is  S.S.E.,  is  nearly  horizontal.  Faults  and  dykes  do 
not  pass  from  the  coal-measures  into  the  Bunter. 

VI.— DETAILED   DESCRIPTION   OP   THE   NEWER 

(OVERLYING)  FORMATIONS. 

TRIAS. 

1. — Buntee. — This  being  a  shore  deposit,   consists  principally  of 

sandstones.     The  upper  division  of  the  Bunter  is  here  called  "  Voltzia- 

sandstone,"  the  lower,  "  Vosges-sandstone.''     (See  Plate  V.) 
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(a)  Vosges-Sandstone. — Its  thickness  is  not  known  in  Prussia,  but 
in  Bavaria  it  is  1,(550  i'ect,  and  near  Bitsch  990  feet.  It  is  composed  of 
sandstones  and  a  few  conglomerates.  The  sandstone  is  coarser  than  that  of 
the  Voltzia,  and  when  firm  is  much  used  for  building  purposes.  No  fossil 
remains  are  known. 

(b)  Voltzia-Sandstone. — Its  thickness  is  from  twenty-six  feet  to  sixty 
feet.  The  lower  boundary  is  not  distinct.  The  sandstones  are  fine- 
grained, and  have  been  much  quarried,  being  very  good  for  building 
purposes.  The  uppermost  strata  of  this  division  consist  of  beds  of  red 
and  greenish  blue  clays,  two  to  four  feet  thick,  corresponding  to  the  Roth 
of  North  Germany.  The  upper  of  these  beds  has  a  thickness  of  some- 
times three  feet,  and  is  most  constant,  forming,  with  the  Muschelkalk,  a 
well-defined  line  of  contact.  The  flora  predominates  over  the  fauna.  The 
best  examples  have  been  found  in  quarries  in  the  Krumbach  valley 
between  Goffontaine  and  Bischmishein,  and  are  in  the  possession  of  the 
Saarbriicken  Mining  School. 

The  following  are  some  of  the  species  : — 

Flora. — Yoltzia  heterophylla  ;  Endolepis  vulgaris  and  elegans  ;  Ano- 

mopteris  Mougeotii ;  Neuropteris  intermedia,  Caulopteris  Voltzii ; 

Equisetum  Mougeotii  (=  Calamites  arenaceous)  ;  Aethophyllum 

speciosum ;  Schizonema  paradoxa. 
Fauna. — Very  scarce  and  badly  preserved ;   Myacites ;  Myophoria ; 

Rhizocorallium  Jenense;  Estheria  minuta. 

Galena  and  cerusite  occur  in  Bunter  at  St.  Avoid,  west  of  Saar- 
briicken. 

Brown  iron  ore  occurs  in  the  Vosges-sandstone,  and  was  formerly 
worked. 

2. — Muschelkalk. — This  is  a  marine  deposit,  and  therefore  calca- 
reous. An  abnormal  condition  is  found  in  the  lowest  division,  which  is 
not  calcareous  but  arenaceous,  forming  a  sandstone  with  the  organic 
remains  of  the  Muschelkalk.  It  lies  conformably  to  the  Bunter,  nearly 
horizontal  and  regular. 


(c)  Upper  division  (principal) 
(b)  Middle  division 


\  Nodosus  limestone. 
1  Trochitaj  limestone. 

\  White  argillaceous  limestone. 
i  Clays  with  gypsum. 


f  Dolomite,  with  Myophoria  |  upper 
(a)  Lower  division         ...         <      orbicularis  |  zone. 

(  Muschelsandstein — lower  zone. 
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(a)  Lower  Muschelkalk  or  (gres  bigarre),  formerly  called  Roth  in 
neighbouring  Bavaria,  is  150  feet  thick.  The  lower  zone  or  Muschelsand- 
stein  has  a  dolomitic  structure.  Its  sandstones  give  rise  to  better  and 
more  fruitful  soil  than  those  of  the  Vosges-sandstone,  owing  to  its 
calcareous  and  argillaceous  nature. 

The  flora  is  rare. 

The  fauna  is  rich,  ex.:  Monotis  alberti ;  Mytilus  eduliformis;  Gervillia 

socialis,  my tiloides,  costata ;  Myophoria  vulgaris,  simplex,  laevigata, 

ovata;  Corbula  incrassata ;  Myacites  musculoides;  Area  Schmidi; 

Tellina  edentula;  Terebratula  vulgaris;  Chemnitzia  sp.;  Turbonilla 

gracilis;  Nautilus  sp. ;  Goniatites  Buchi ;  Encrinites  liliiformis  ; 

Lima  striata ;   L.   lineata ;   Pecten   lcevigatus ;    Rhizocorallium 

Jenense. 

The  upper  zone  consists  of  grey,  yellowish,  and  reddish  strata  of  a 

dolomitic  nature  which  predominates  in  the  highest  strata.     It  differs 

essentially  from  the  lower  zone  in  the  presence  of  Myophoria  orbicularis. 

Other   fossils  are  found,  such  as  M.  ovata ;  Myacites ;    Rhizocorallium 

Jenense ;   and  plant  remains.      They  are,  however,  rarer  than  in   the 

Muschelsandstein . 

The  upper  and  lower  zones  are  distinct  towards  the  north-west,  but 
indistinct  to  the  south  and  east. 

(b)  Middle  Muschelkalk  is  more  developed  in  Bavaria,  and  contains 
gypsum  at  Ommersheim.  The  lower  beds,  consisting  of  red  clays  and 
loam,  are  used  for  brick  manufacture.     No  fossils  have  been  found. 

(c)  Upper  Muschelkalk. — It  is  essentially  calcareous,  as  is  seen 
from  an  analysis  of  the  rock : — 


Si02 
Ala  03 
Fe20s 
CaC03 
MgCO, 
H„  0 


Trace  of  organic  substance. 


262 
0-44 
0-86 
9480 
0-96 
032 

100 


Trochit^e  Limestone. — This  thick  limestone  is  greyish  white,  has  a 
conchoidal  fracture,  is  often  oolitic  and  glauconitic,  full  of  Encrinites 
liliiformis ;  it  is  thirty  feet  thick,  and  contains  siliceous  concretions. 

Fauna.  —  Lima  striata;  Terebratula  vulgaris;  Gervillia;  Myophoria 
elegans  and  lcevigata;  Dentalium,  etc. 

Two  specimens  of  Ammonites  nodosus  have  also  been  found. 
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Nonosus  Limestone  or  strata  of  Ammonites  nodosus,  is  not  much  used ; 
it  has  flinty  concretions. 

Fauna. — Lima  striata;  Terebratula;  Gervillia  socialis;  Pecten  loevi- 
gatus  ;  Dentalium;  Nothosaurus,  etc. 

Permian. — As  the  depositions  of  the  Permian  followed  directly  upon 
that  of  the  coal-measures  it  is  not  surprising  to  find  it  containing  a  few 
coal  seams  which,  however,  are  far  from  possessing  the  thickness  and 
importance  of  those  of  the  true  coal-measures.  The  clays  and  shales  of 
the  lower  Eothliegende,  as  in  true  coal-measures,  contain  segregations  of 
Spheerosiderite  in  such  quantities  that  the  latter  are  worked  for  iron. 

These,  as  well  as  those  of  Ilfeld,  to  the  south-west  of  the  Harz,  are  the 
most  important  coal-bearing  Permian  strata.  The  Rothliegende  is 
divided  by  Dr.  E.  Weiss  into  the  (1)  Upper  P.;  (2)  Middle  P.,  or  strata  of 
Lebach;  (3)  Lower  R.  or  strata  of  Ousel.  The  two  latter  divisions  he 
named  Kohlenrothliegendes,  from  their  possessing  seams  of  coal.  Herr 
von  Dechen  named  the  two  latter  divisions  "  Flotzleerer  Kohlengebirg," 
from  a  mistaken  idea  of  their  identity. 

(3)  Lower  Rothliegende,  or  Cusel  Strata. — The  two  limestone 
beds  of  Werschweiler,  in  which  Callipteris  conferta  and  Calamites  gigas 
appear  for  the  first  time,  are  the  lowest  strata  of  this  division.  At  other 
places  these  seams  have  no  fossil  remains,  and  towards  the  west  become 
more  indistinct,  and  the  boundary  is  therefore  less  certain.  In  the  subse- 
quent strata  is  found  a  mixed  Carboniferous  and  Permian  flora,  principally 
Callipteris  conferta;  silicified  trunks  of  tree  ferns;  Walchia  piniformis;  Wal- 
chia  filiciformis;  Asterophyllites  equisetiformis;  (Sphenophyllum  and  Stig- 
maria,  etc.,  are  wanting).  The  flora  being  poor,  the  coal  seams  are  rare, 
thin,  and  bad,  from  8  to  10  inches  thick.  Animal  remains,  such  as  Am- 
blypterus;  Anthracosia;  Estheria;  Crustaceans;  Rhabdolepis,  and  others, 
are  found.  The  strata  are  partly  sandstones  (grey,  red,  brown,)  fine  and 
large  grained  conglomerates  and  arkose,  red  shales,  etc. 

Species  passing  from  the  coal-measures  to  the  Cusel  strata  are — 
Odontopteris  obtusiloba;  Cyatheites  arborescens,  etc. 

(2)  Middle  Rothliegende,  or  Lebach  Strata,  consists  of  red  shales 
and  clays,  slaty  and  fine  grained  sandstones,  argillaceous  limestones.  The 
lowest  stratum  in  this  division  is  the  only  coal-seam,  *4  to  '8  feet  thick, 
having  a  roof  of  siliceous  limestone  containing  Acanthodes  and  Xena- 
canthus.  Above  this,  and  in  some  places  taking  its  place,  follow  the  iron- 
stone segregations  of  Lebach  enclosing  in  nodules  the  remains  of  Arche- 
gosaurus  and  Acanthodes. 

Flora. — Odontopteris  obtusiloba;  Callipteris  conferta;  Calamites  gigas 
and  decoratus;  Walchia  piniformis  and  filiciformis. 
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Fauna.  —  Xenacanthus  ;  Arublypterus  ;  Rhabdolepis  ;  Paloeoniscus  ; 
Anthracosia;  Estheria;  Gampsonyx;  as  well  as  Archegosaurus  and 
Acanthodes. 

During  the  formation  of  this  division  there  were  eruptions  of  Melaphyre 
and  quartz  Porphyry.  There  is  no  remarkable  difference  between  the  flora 
and  fauna  of  the  Cusel  and  those  of  the  Lebach  strata,  but  certain  forms, 
especially  animal,  belong  exclusively  to  the  strata  of  Lebach  (Xenacanthus; 
Palasoniscus  Vratislaviensis;  Archegosaurus;  Gampsonyx),  in  which  the 
greater  quantity  of  forms  has  been  found. 

(1)  Upper  Eothliegexde.  —  The  greater  portion  of  it  has  been 
formed  of  fragments  of  Melaphyre  and  quartz  Porphyry  from  the  preceding 
divisions.  It  consists  principally  of  conglomerates  containing  apparently 
no  fossil  remains  except  a  fossil  trunk  found  at  TTadrill. 

These  sedimentary  rocks  are  so  intimately  associated  with  the  very 
numerous  beds  and  dykes  of  the  eruptive  rocks  that  there  can  be  no  doubt 
of  their  having  been  formed  simultaneously.  Some  beds  of  Melaphyre  are 
remarkably  regularly  deposited,  and  have  a  thickness  of  from  a  few  to 
seventy-five  yards. 

VII.— DESCRIPTION  OF  THE  CARBONIFEROUS  FORMATION. 

The  coal-measures  of  Saarbriicken  correspond  to  the  English  coal- 
measures  proper;  older  members  of  the  formation,  such  as  millstone  grit 
or  carboniferous  limestone,  have  not  yet  been  found.*  It  is  matter  of 
speculation  as  to  what  they  rest  on.  The  coal-measures  have  been  divided 
for  palasontological  reasons  into  two  divisions. 

1st. — The  Upper  or  Ottweiler  Division,  subdivided  into — 

(a)  An  upper  zone. 

.,  ,  .  t  f  (1)  upper  beds  containing  no  Leaia. 

(o )  A  lower  zone  -[  }a<  ,r *     ,    -,          .  •  •    °T     • 
K    y  {{-)  lower  beds  containing  Leaia. 

2nd. — The   Lower  or  Saarbriicken   Division. — These   two  divisions 
present  petrographical  as  well  as  palteontological  differences.    The  Saar- 
briicken rocks   have  a  real  carboniferous  aspect;   whilst  the  rocks  of 
Ottweiler  resemble  more  those  of  the  lower  Permian. 
The  following  carboniferous  plants  have  been  found: — 
Flora. — Sphenopteris  irregularis,  nummularia,  cristate,  delicatula,  fur- 
cata;CyatheitesBioti ;  Diplaziteskmgifulius;  Alethopterismuricata, 
pteroides,  Pluckeneti;  Annularia  sphenophylloides ;  Sphenophyl- 
luni;  Stigmaria  ficoides;  Bigillaria  reniformis;  Lepidophloios  lari- 
cinus,  with  Lepidostrobus,  etc. 

*  Professor  Edward  Hull,  in  a  paper  on  the  Classification  of  the  Carboniferous  series, 
read  before  the  Geological  Society,  in  1877,  considers  the  Coal-fields  of  Saarbriicken, 
Westphalia,  and  St.  Etienne,  as  equivalent  to  the  British  Middle  Coal-measures. 
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The  following  specimens  which  occur  in  younger  strata,  but  so  rarely 
that  they  may  be  considered  as  characteristically  carboniferous,  have  also 
been  found: — Cyatheites  dentatus,  Miltoni,  unitus,  oreopteroides;  Alethop- 
teris  aquilina;  Annularia  longifolia. 

The  occurrence  of  Sphenophyllum  saxifragefolium,  Annularia  spheno- 
phylloides,  and  Odontopteris  Schlotheimi  and  Reichiana  in  the  Ottweiler 
strata,  is  one  of  the  reasons  of  the  separation  of  the  latter  rocks  from 
those  of  Cusel. 

(1)  The  Ottweiler  Division. — The  lowest  beds  of  this  division  consist 
of  slates  and  shales;  they  are  grey,  from  one  to  four  inches  thick,  and  con- 
tain numerous  animal  remains,  of  which  Leaia  Bantschiana  is  the  most 
important  and  characteristic,  as  its  occurrence  is  restricted  to  them.  These 
strata  are  unmistakeable,  and  have  been  traced  with  slight  interruptions 
through  the  whole  country  between  Hangard,  and  Bous  on  the  Saar. 

The  next  strata  are  sandstones,  which  are  characterised  by  absence  of 
Leaia.  In  this  lower  zone  have  been  found:  Anthracosia  Goldfussiana; 
and  Amblypterus;  Rhabdolepis;  Estheria  tenella;  Candona;  Cyprides; 
fish  scales  and  coprolites.  Also  an  abundance  of  ferns;  Pecopteris 
arborescens ;  Odontopteris  obtusa ;  Neuropteris  mirabilis ;  Cyatheites 
densifolius,  elegans ;  Alethopteris  truncata,  Bredowi ;  siliceous  trunks ; 
Walchia  rarely. 

The  upper  zone  consists  principally  of  red  sandstones;  there  is  hardly 
any  palseontological  difference  between  it  and  the  lower  zone. 

Coal  is  workable  only  in  the  lower  zone;  present,  however,  in  both. 

The  strata  dip,  5  to  10  degrees  N.W. 

(2)  The  Saarbrucken  Division. — This  division  of  the  coal-measures 
contains  nearly  all  the  large  and  workable  seams  of  coal. 

The  following  plants  have  been  found : — 

Flora. — Neuropteris  gigantea,  heterophylla;  Sphenopteris  Honinghausii, 
obtusiloba,  trifoliolata,acutiloba;  Schizopteris  anomala;  Cyatheites 
pennoeformis;  Alethopteris  lonchitica,  erosa,  nervosa;  Dictyopteris 
neuropteroides,  Brongniarti;  Lonchopteris  Defranci,  Bauri;  Cala- 
mites  cannEeformis,  Cistii ;  Asterophyllum  rigidus,  longifolius ; 
Noeggerathia ;  Annularia  radiata ;  Cyclopteris  orbicularis  and 
lacerata;  Odontopteris,  etc.  Also  branches  of  Walchia  pinni- 
formis.     Ferns  in  abundance. 

The  fauna  is  rare ;  the  following  have  been  found  : — Anthracosia, 
Arthropleura  armata;  insects;  crustaceans.  Only  one  specimen 
of  vertebrata :  Anthracosaurus  raniceps. 

The  strata  consist  of  conglomerate  (from  18  to  150  feet  thick),  sand- 

VOL.  XXVIII.-1878.  0 
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stone,  shale ;  a  little  limestone ;  no  arkose.    The  roof  of  the  seams  generally 
consists  of  clay-slate;  the  thill  invariably. 

There  are  four  distinct  groups  of  strata,  in  which  all  the  coal  is  found. 
They  are  separated  from  each  other  by  non-coal-bearing  strata.  These 
groups  are : — 

1. — The  Upper  Group. 
2.— The  Upper  Middle  Group. 
8. — The  Lower  Middle  Group. 
4. — The  Lower  Group. 
They  have  not  all  been  traced  through  the  whole  field,  as  it  is  a  matter  of 
some  difficulty  to  identify  them  ;  in  fact,  to  the  east  the  three  uppermost 
groups  are  represented  only  by  one. 

The  Lowee  Gboup  (Sections  5  and  6,  pages  62  and  63)  appears  at  the 
surface  between  Neunkirchen  and  Dudweiler,  the  strike  of  the  strata 
being  N.E.  to  S.W.,  and  the  dip  30  degrees  to  45  degrees  N.W.  The 
mining  operations  of  Dudweiler,  Sulzbach,  Altenwald,  Heinitz,  and  Konig 
Collieries,  as  well  as  those  of  the  Bavarian  Colliery,  St.  Ingbert,  are  carried 
on  in  it.  "West  of  Dudweiler,  beyond  the  great  dyke,  the  strike  of  the 
seams  becomes  more  north  and  south,  with  a  westerly  dip.  This  saddle- 
bend  is  accompanied  by  many  faults,  which  converge  fan-shaped  towards 
the  southern  extremity  of  the  great  dyke,  displacing  the  seams  greatly. 
The  bend  is  much  clearer  and  more  determined  within  the  middle  groups 
at  some  distance,  for  whilst  N.E.  of  Tullenhaus  the  dip  is  N.W. ;  at 
Herrensohr  and  Jagersfreude  the  dip  has  assumed  a  westerly  and  south- 
westerly direction. 

North-east,  near  Wellesweiler,  the  strata  are  bent  towards  the  east  in 
the  form  of  a  large  saddle  and  accompanying  trough,  upon  which  follows 
a  smaller  mantle-shaped  saddle.  It  has  been  impossible  to  trace  these 
contortions  in  a  south-western  direction  owing  to  the  overlying  Bunter. 

Judging  from  the  position  of  the  strata,  their  dip  and  curvature  at 
both  extremities,  there  can  be  no  doubt  that  they  form  the  north-west 
declivity  of  a  large  anticlinal  ridge,  having  a  south-western  to  north-eastern 
direction,  and  that  its  south-eastern  declivity  ought  to  be  found  at  no  great 
distance  below  the  Bunter.     This,  however,  has  not  occurred. 

No  carboniferous  strata  dipping  south-east  are  known  between  Neun- 
kirchen  and  Dudweiler. 

St.  Ingbert  is  the  only  colliery  in  which  the  contact  of  the  Bunter  and 
the  coal-measures  has  been  explored.  The  Bunter,  which  generally  has  a 
very  gentle  dip  to  the  south,  has  here  a  much  greater  dip. 

A  bore-hole,  sunk  by  the  Bavarian  Government,  near  the  entrance  to 
the  Rischbach  Valley  drift,  passed  through  6 64" 4  feet  of  Bunter;  then  17'4 
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feefc  of  red  and  grey  strata,  so-called  "  RothliegendeB;"  then  through  815*8 
feet  of  carboniferous  strata,  without  finding  a  single  seam  of  coal.  Depth 
of  bore-hole,  149 7*  6  feet. 

The  following  are  the  results  of  two  bore-holes  laid  down  south  of 
Dudweiler : — The  first  on  the  northern  slope  of  Giickelsberg,  passed  through 
228*8  feet  of  Bunter,  and  then  through  red  and  grey  carboniferous  strata, 
containing  eight  seams,  the  first  of  which  was  met  with.  179*7  feet  below 
the  Bunter.  The  bore-hole  reached  a  depth  of  7G9  feet.  The  second,  at 
Stuhlsatzenhaus,  only  3,706  feet  south  of  G  iickelsberg,  gave  a  very  different 
result.  It  passed  through  1029*8  feet  of  Bunter;  65*6  feet  of  doubtful 
strata;  and  439*0  feet  of  carboniferous  strata,  at  which  depth  of  1534*4 
feet  the  bore-hole  was  stopped  without  any  coal-seams  having  been  found. 
A  line  drawn  through  the  two  latter  bore-holes  passes  northwards  through. 
Richard  pit  at  Dudweiler  colliery,  and  crosses  the  strike  of  the  strata 
nearly  at  right  angles. 

The  most  justifiable  conclusion  to  be  derived  from  these  facts  is,  that  a 
great  dyke  passing  parallel  to  the  anticlinal  ridge,  between  Giickelsberg 
and  Stuhlsatzenhaus  (nearer  the  former),  has  thrown  the  whole  south-eastern 
portion  of  the  anticlinal  down  to  a  great  depth.  This  explanation  derives 
great  support  from  an  examination  of  the  conditions  presented  to  us  at 
Wellesweiler,  where  the  great  dyke  which  passes  between  the  village  and  the 
colliery  of  that  name  would,  if  it  were  prolonged,  pass  between  Giickelsberg 
and  Stuhlsatzenhaus.  Notwithstanding  its  thickness  it  has  been  impossible 
to  trace  this  fault  far,  owing  to  the  overlying  Bunter.  The  lowest  seams  of 
this  group  are  the  so-called  Rothholler  seams,  which  have  not  been  worked 
at  all  in  Prussia,  and  only  to  a  small  extent  in  Bavaria.  Above  them 
are  343  feet  of  non-coal  bearing  strata,  and  then  follows  the  main  portion 
of  the  group. 

In  the  west,  the  lower  group  contains  thirty-one  workable  and  twenty- 
nine  unworkable  seams.  By  repeated  separation  of  these  seams  into 
independent  seams,  and  gradual  appearance  of  new  seams,  they  increase 
in  the  east  to  forty  workable  and  seventy-seven  unworkable  seams. 

The  Brucher  seam  is  a  good  example  of  this  change.  At  Dudweiler  it 
is  12  feet  9  inches  thick,  without  any  band ;  lurther  east  it  becomes 
divided  by  a  thin  band.  In  the  neighbourhood  of  Venitz  Pit  the  band 
becomes  thicker,  and  about  700  feet  further  east  it  is  55  feet  thick,  and 
the  two  portions  form  separate  seams.  Further  east  still,  they  subdivide 
into  several  seams.  The  principal  seam  retains,  however,  a  thickness  of 
from  eight  to  nine  feet.  As  shown  by  this  example,  the  smaller  bands 
increase  in  thickness  towards  the  east,  whilst  the  larger  intervening  strata 
increase  to  the  west. 
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This  shows  the  impossibility  of  making  a  general  section  for  the 
whole  lower  group.  The  western  and  the  eastern  sections  have  only  two 
corresponding  seams — the  clay  seam  No.  2  and  the  Bliicher  seam. 
The  former  is  the  characteristic  seam  of  this  group,  as  it  has  a  constant 
clay  band,  and  serves  for  the  identification  of  seams  when  displaced  by 
faults. 

A  bed  of  melaphyre,  which  crops  out  at  Nauweilerhof,  and  is  fou  nd 
amongst  the  Rothh  oiler  seams  more  to  the  east,  is  of  service  for  the  iden- 
tification of  seams  at  Dudweiler  and  St.  Ingbert.    (Fig.  2.) 

Section  in  Level  A  at  St.  Ingbert  Collieet. 
Fig.  2. 


M  =  melaphyre;  c  =  coal-seam  three  inches  thick;   S  =  slate  and  sandstone; 
K  —  coal-seam  3'28  feet  thick  (seam  No.  7  in  Bavaria.) 

This  melaphyre  is  red  and  fine-grained;  a  few  fragments  of  felspar 
and  traces  of  a  greenish  black  mineral  (augite)  are  found  in  it.  It  is 
much  decomposed.  In  level  II.  at  St.  Ingbert  Colliery  the  bed  of 
melaphyre  appears  in  contact  with  seam  7.  At  one  point  it  encloses  a 
piece  of  coal,  and  the  latter  again  a  piece  of  melaphyre  (Fig.  3).    The 

Section  in  II.  Level  at  St.  Ingbeet  Collieby. 


Fig 


melaphyre  is  highly  decomposed  and  soft,  is  eight  feet  thick,  and  has 
concretions  of  a  red  substance.  The  coal  is  changed ;  when  placed  in 
the  firejt  breaks  and  simmers,  and  is  worthless. 
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The  seams  which  dip  30  to  35  degrees  N.  at  Dudweiler  form  an  anti- 
clinal ridge  below  the  Sulzbach  Valley,  the  northern  dip  of  which  is 
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Fig.  4. 

only  from  10  to  15  degrees;  the  usual  dip  of  the  upper  and  middle  groups. 

The  distance  between  the  top  of  the  ridge  and  the  bottom  of  the  trough 

or  synclinal  is  sixty-five  feet.     See  Fig.  4. 

This  ridge  decreases  to  the  north-east  but  has  been  traced  in  the 
middle  group,  to  the  east  of  Friedrichsthal  Colliery.  Little  is  known 
about  it  to  the  south-west,  owing  to  the  presence  of  the  large  dyke  west 
of  Dudweiler. 

The  lower  group  is  displaced  by  many  faults.  The  apparently  hori- 
zontal displacement  of  the  seams  is  seen  along  the  Bliicher  seam,  which 
is  represented  on  the  map  by  a  thick  black  line  in  the  Saar  drift  level. 

On  the  downthrow  side  of  faults  the  seams  often  have  remarkably 
thinner  bands  than  on  the  upthrow  side,  so  that  on  the  downthrow  side 
the  total  thickness  of  the  strata  is  smaller  than  on  the  upthrow  side.  This 
is  well  exemplified  by  the  Cerberus  dyke  and  the  large  dyke  west  of 
Dudweiler. 

The  principal  dykes  and  faults  of  the  lower  group,  with  their  vertical 
height  of  throw,  are — 

1. — A  large  dyke  west  of  Dudweiler  Colliery,  343  to  378  feet. 

2. — A  fault  east  of  Venitz  Pit,  along  the  Bavarian  frontier,  206  feet. 

3. — Cerberus  dyke,  which  separates  Sulzbach-Altenwald  from  Heinitz  Colliery, 

824  feet. 
4. — Vampyre  dyke,  west  of  Heinitz  Colliery,  274  to  343  feet. 
5.— Minos  dyke,  412  to  481  feet. 
6. — Secundus  dyke,  west  of  Konig  Colliery,  forming  the  boundary  between  it  and 

Heinitz  Colliery,  480  to  548  feet. 
7. — Styx  dyke,  east  of  Konig  Colliery,  206  feet. 
8. — The  great  dyke  between  Konig  Colliery  and  Wellesweiler,  about  1,000  feet. 

The  coal  of  this  group  is  bituminous,  mostly  so  in  the  lowest  seams. 
Seams  of  less  than  17' 5  inches  are  considered  unworkable. 

The  Kothholler  seams  have  not  been  tabulated  in  the  east  section,  as 
they  have  not  yet  been  explored  in  that  direction. 

The  29  unworkable  seams  in  the  west  represent,  together,  27  feet  of 
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coal.  The  77  seams  in  the  east,  59*5  feet  of  coal.  The  total  thickness 
of  the  lower  group  in  the  west,  including  the  seams  of  coal,  workable  and 
unworkable,  is  2,782  feet,  and  the  relation  of  this  thickness  to  that  of 
workable  coal  is  as  25*3  :  1.  In  the  east  the  total  thickness  is  1,897  feet, 
and  the  relation  to  workable  coal  as  15*6  :  1.  Therefore,  the  distribution 
of  workable  coal  in  the  west  to  that  in  the  east  is  as  1  :  1*6. 

Clay  ironstone  is  found  in  this  group  in  the  shape  of  large  concretions  in 
shales,  pieces  often  weighing  one  ton.  Some  slates  are  much  impregnated 
with  iron  pyrites  ;  they  were  worked  for  alum  a  long  time  ago,  and  called 
alum  slates.  The  presence  of  pyrites  at  the  outcrop  of  the  Bliicher  seam 
caused  a  fire  more  than  100  years  ago  which  is  still  smouldering  down- 
wards. The  place  of  this  fire  is  near  Dudweiler,  and  is  called  "the 
burning  mountain."  It  has  caused  changes  in  the  neighbouring  strata: 
clay  slates  have  been  partly  changed  into  porcelain  jasper  of  blue  and  red 
colour,  and  partly  into  hard  red  slates.  The  sight  of  this  mountain  was 
formerly  much  more  striking  than  now,  as  the  fire  has  retreated  down- 
wards, and  only  now  and  then  sends  up  volumes  of  vapour. 

The  lower  group  is  separated  from  the  next  upper  group  at  Jaegers- 
freude  by  1,098  feet  of  all  but  non-coal-bearing  strata.  They  contain, 
namely,  eight  to  nine  seams  of  from  3  to  8  inches  thickness.  At  Sulzbach- 
Altenwald,  where  the  thickness  is  only  about  549  feet,  these  small  seams 
increase  in  number  and  thickness,  but  are  insignificant. 

Lower  Middle  Group  (Section  4,  page  59). — It  emerges  from  under 
the  Bunter,  along  the  southern  slope  of  the  Sulzbach  valley,  forming  a  flat 
anticlinal  between  that  valley  and  that  of  Fishbach.  It  is  first  displaced 
about  400  feet  by  the  Hercules  dyke,  and  immediately  afterwards,  about 
200  feet,  by  a  fault  which  runs  nearly  parallel  to  the  strike  of  the  strata. 
It  then  continues  northwards  as  the  Amelung  group,  and  is  thrown  east- 
ward by  the  Von  der  Heydt  anticlinal  towards  the  Friedrichsthal  group, 
with  which  it  is  most  probably  identical.  The  workable  seams  of  this 
group  are  shown  in  the  section.  The  most  important  is  the  Hardenberg 
seam,  which  is  probably  the  continuation  of  the  Motz  seam  at  Friedriechs- 
thal.  This  will  soon  be  ascertained  by  explorations.  The  Motz  seam 
and  some  of  the  lower  seams  are  affected  by  the  Dudweiler  anticlinal, 
described  in  the  lower  group. 

The  thick  Kallenberg  seam  is  regarded  by  some  as  the  continuation 
of  the  Motz  seam.  It  is,  however,  quite  possible  that  the  continuation 
of  the  Motz  seam  may  be  found  lower  down,  corresponding  to  the  seam 
recently  opened  out  at  Deidenkopf  (which  may  have  been  called  Kallen- 
berg by  mistake)  and  to  a  thick  seam  whose  outcrop  is  exposed  by  the 
Heinitz  railway  cutting,  and  also  to  the  lower  seams  of  Ziehwald. 
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This  group  appears  at  Stangenmiihlc  and  Clarcnthal  in  the  form 
of  a  mantle-shaped  saddle.  It  is  the  continuation  of  the  Von  der 
Heydt  anticlinal  stretching  into  Lorraine.  The  top  of  the  saddle  is 
removed,  forming  a  so-called  air  saddle  —  the  Clarenthal  anticlinal. 
The  lowest  seams,  however,  form  a  complete  vault.  The  Gross  Rosseln 
group  of  seams,  to  which  the  Von  der  Heydt  anticlinal  reaches,  belongs  most 
probably  also  to  this  group,  being  surrounded  by  the  upper  middle  group. 

Besides  the  workable  seams  shown  in  the  Section  No.  4,  this  group 
contains  twenty  unworkable  seams. 

The  coal  of  this,  as  of  the  upper  groups,  is  non-bituminous ;  its  total 
thickness  is  2,304  feet,  this  being  in  relation  to  the  total  thickness  of 
workable  coal  as  39  '3  :  1.     The  seams  have  a  dip  of  from  1 5  to  20  degrees. 

Upper  Middle  Group  (Section  3,  page  59).— This  group  is  separated 
from  the  Lower  Middle  by  strata  5 GO  to  980  feet  thick,  containing  only 
from  ten  to  twelve  small  seams  3  to  10  inches  thick.  These  strata 
decrease  in  thickness  eastwards,  and  are  nearly  lost  at  Priedrichsthal  and 
Reden. 

The  group  is  907  feet  thick,  or  in  relation  to  workable  coal  as  23  :  1. 
It  has  fifteen  unworkable,  and  eleven  workable  seams,  of  which  the 
principal  is  the  Beust  scam. 

At  Von  der  Heydt  Colliery  this  group  forms  a  flat  saddle  passing  east- 
ward ;  to  the  west  of  this  colliery  it  is  thrown  up  175  feet  by  the  Prome- 
theus dyke  and  passes  through  Gerhard  Colliery  southward  into  Lorraine. 

At  Von  der  Heydt  Colliery  the  Beust  seam  dips  regularly  to  the  north, 
but  in  the  Burbach  Valley,  where  it  has  a  southern  dip,  it  forms  a  synclinal 
trough.  It  is  again  raised  into  an  anticlinal  at  Russhiitte  corresponding 
to  that  of  Jaegersfreude.  From  Russhiitte  the  group  passes  along  the 
right  bank  of  the  Burbach  stream  by  Prinz  Wilhelm  Colliery,  the  seams  of 
which  probably  belong  to  this  group,  on  to  Gross  Rosseln,  Furstenhausen 
Volklingen,  back  to  Gerhard  and  Von  der  Heydt.  The  eastward  prolonga- 
tion of  this  group  is  nut  known.  The  Kallenberg  seam,  though  quite 
different  from  the  Beust  seam,  might  be  its  continuation. 

The  intervening  strata  between  the .  upper  middle  and  the  upper 
group  are  very  irregular.  At  Gerhard  Colliery  they  are  about  1,373  feet 
thick,  at  Guichenbach  and  further  east  only  a  few  feet,  and  at  Vblcklingen 
and  Geislautern  549  feet.  This  irregularity  is  no  doubt  due  to  internal 
causes,  the  nature  of  which  however  is  not  yet  known.  No  coal  has  been 
found  in  these  strata. 

Upper  Group  (Sections  1  and  2,  pages  56  and  57). — Beginning  at 
Geislautern,  where  it  suddenly  emerges  from  under  the  Buntei  on  the 
upthrow  side  of  a  large   fault,  this  group  passes  by  the  collieries  of 
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Hostenbach  and  Schwalbach,  forming  a  flat  anticlinal  between  them, 
along  Rittenhofen,  Guichenbach,  and  Dilsburg  to  Wahlschied.  It  is 
highly  probable  that  this  'group  continues  eastwards  to  the  Merchweiler 
and  Reden  collieries.  The  workings  of  Geislautern,  Hostenbach,  and 
Kronprinz  collieries  have  exposed  twelve  separate  workable  seams,  the 
lowest  of  which  (seam  No.  6)  is  worked  at  Geislautern. 

At  Guichenbach  only  six  seams  have  as  yet  been  opened  out,  the  upper 
of  which  is  91  inches  thick.  This  seam  does  not  appear  to  be  the  con- 
tinuation of  the  thick  seam  of  Schwalbach;  that  continuation  has  to  be 
looked  for  in  some  upper  seam. 

The  identification  of  seams  is  particularly  difficult  in  this  group  as  their 
thickness  often  varies,  and  they  are  much  disturbed. 

The  great  similarity  of  the  Knausholz  and  Schwalbach  seams  leads  to 
the  belief  that  they  may  be  identical,  and  only  displaced  by  the  dyke  east 
of  Kronprinz  Colliery,  which  in  that  case  would  have  a  vertical  throw  of 
830  feet.  Both  these  seams  have  a  very  constant  band  on  which  their 
identity  is  based.  For  a  distance  of  about  1,200  feet  square,  the  Schwal- 
bach seam  becomes  divided  into  two  portions,  which  become  united  out- 
side this  area.  The  greatest  distance  between  the  two  portions  of  the 
seam  is  15  feet. 

The  number  of  unworkable  seams  is  twelve.  The  total  thickness 
of  the  group  is  2,798  feet,  and  the  relation  of  the  total  thickness  to  the 
thickness  of  workable  coal  is  as  58  to  1. 

To  the  east  of  the  field  it  has  already  been  remarked  there  is  only  one 
group,  the  "  Upper  group,"  corresponding  to  the  three  uppermost  groups  in 
the  west.  In  this  group  the  collieries  of  Quierschied,  Friedrichsthal,  Merch- 
weiler, Eeden,  and  the  day-level  of  Ziehwald,  carry  on  their  operations. 
The  group  contains  forty-five  workable  and  forty-three  unworkable  seams. 

The  total  thickness  of  the  group  is  2,926  feet,  that  of  workable  coal 
177  feet;  or  in  the  relation  of  16*5  :  1. 

If  this  group  is  compared  with  the  three  upper  westerly  groups 
there  is  first  a  thickness  of — 


Upper  group  (west)             

...     2798-0  feet. 

Upper  middle  group  (west)            

...      907-2     „ 

Lower  middle  group  (west) 

...     2304-2     „ 

Total 

...     60094  feet. 

Then  a  thickness  of  workable  coal  in — 

Upper  group  (west) 

475  feet. 

Upper  middle  group  .. .         

38-8    „ 

Lower  middle  group  .. .         ...         

58-6    „ 

Total 

1449  feet. 
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Therefore,  the  total  thickness  of  the  groups  to  the  total  thickness  of  work- 
able coal  is  as  41  to  1.  Consequently  the  eastern  side  of  the  field  has  the 
greater  proportion  of  coal,  as  in  the  lower  group. 

The  distribution  of  workable  coal  in  the  Upper  group  East  is  to  that 
in  the  three  Upper  groups  West  as  2*6  to  1. 


Groups 

and  Intervening 
Strata. 

WEST. 

EAST. 

Thick- 
ness in- 
cluding 

Coal 
Seams. 

Feet. 

Workable 
Seams. 

Unwork-  j     Total 

able       number  of 
Seams.        Seams. 

Thick- 
ness 
including 
Coal 

Seams. 

Feet. 

Workable 
Seams. 

Unwork- 
able 
Seams. 

Total 

number  of 

Seams. 

h 

i 

3 

3a 

H 

CD 

a 
3 

*3  • 

3a 

5 

O  cu 

3a 

u 

.a 

"3  . 

of 

a  a 

1 

Sa 

Upper  Group 
Intervening  Strata    . . 
Upper  Middle  Group 
Intervening  Strata    . . 
Lower  Middle  Group 
Intervening  Strata    . . 
Lower  Grcup 
Total 

2798-0 
549  2 
907  '2 
961-1 
2304-2 
1098-4 
2782  3 

12 
11 
20 
31 

47  5 

38-8 
58-6 
1101 

12 
15 
20 
29 

12  9 
17  3 
22  3 
27  2 

24 
26 
40 
60 

60-4 
561 
80  9 
137  3 

I    2926-0 
r 

10297 
1897-4 
58531 

45 

40 
85 

177  4 
11213 

43 

77 
120 

30-9 

59  5 
90-4 

88 

117 

205 

208  3* 
180-8t 

11400-4 

74    255-0 

1 

76 

797 

150 

334-7 

298-7 

3891  . 

Quality  of  coal.— Non-bituminous. 


\  Bituminous. 


Conclusions. — (1)  From  the  table  it  appears  that  the  coal-measures 
are  twice  as  thick  in  the  west  as  they  are  in  the  east. 

(2)  The  lower  group  has  nearly  twice  as  many  seams  in  the  east  as  in 
the  west,  notwithstanding  the  omission  of  the  Rothholler  seams  in  the  east. 

(3)  The  number  of  seams  in  the  three  uppermost  groups  in  the  west  is 
ninety ;  that  of  the  Upper  group  in  the  east  eighty-eight.  So  that  here, 
there  is  no  increase  of  seams  eastward  as  in  the  Lower  group. 

(4)  Taking  only  the  workable  seams  into  consideration,  the  thickness 
of  the  coal  in  the  west  is  to  that  in  the  east  as  1  :  1*17,  and  the  thickness 
of  the  non-bituminous  coal  only  as  1  :  l-22. 

(5)  Taking  the  total  number  of  seams  into  account,  the  thickness  of 
bituminous  coal  in  the  west  is  to  that  in  the  east  as  1  :  T05. 

According  to  calculations  made  some  time  since,  based  on  the  pos- 
sibility of  working  to  a  depth  of  3,430  feet,  this  coal-field  would  last,  with 
a  yearly  output  of  2,400,000  tons,  about  3,000  years  longer.  As  the 
output  has,  however,  been  more  than  doubled  lately,  the  duration  may 
be  vaguely  estimated  at  half  that  time,  namely,  1,500  years. 

VIII.— COAL. 

The  Saarbriicken  coal  is  of  pretty  good  quality  ;  in  the  upper  groups 
it  is  non-bituminous  (sinterkohle),  in  the  lowrer  group  bituminous  ( back- 
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kohle)  and  caking,  though  not  to  any  very  remarkable  extent.     In  the 
middle  groups  the  coal  is  mostly  semi-bituminous. 

The  bituminous  kinds  are  used  for  boilers,  production  of  gas,  and 
formation  of  coke. 

The  coals  undergo  great  changes  when  exposed  to  the  atmosphere. 
Even  after  a  few  days'  exposure  they  yield  less  gas  and  less  firm  coke 
than  coals  which  are  fresh  from  the  pit.     Saar  coals  also  produce  much 
soot ;  they  are  very  firm,  giving  a  good  percentage  of  large — 
45  to  60  in  the  case  of  bituminous, 
54  to  84  in  the  case  of  non-bituminous. 
It  has  to  be  blasted.     Backs  occur  at  intervals  at  right  angles  to  the  dip. 

The  cleat  of  the  coal  is  frequently  accompanied  by  a  thin  film  of 
dolomite,  which  sometimes  increases  much  in  thickness,  and  which  gives 
the  coal  a  peculiar  appearance.  This  dolomite,  which  does  not  act  in- 
juriously on  the  coals,  is  composed  of — 

Carbonate  of  lime,  CO  Cao"         ...         ...         ...         ...         ...         49-5 

„  magnesia,  CO  Mgo"  487 

Ferrous  carbonate  CO  Feo"  ...         ...         ...         ...         ...  1*6 

99-8 

The  amount  of  ash  varies  immensely ;  bituminous  coal  contains  the 
least.  Compared  to  other  coals,  the  ash  of  the  Saarbriicken  coals  contains 
very  little  lime  and  magnesia,  which,  considering  the  great  amount  of 
dolomite  present  in  the  cleat  planes,  is  noteworthy. 

CONSTITUTION  OF  ASH. 


sio2          

32-9 

Al,  03         

446 

Fe205         

182 

Ca 

15 

Mg 

17 

989 
A  peculiarity  of  the  seams  is  the  local  increase  of  ash  to  such  an 
extent  as  to  make  the  coal  valueless.  This  appearance  is  designated  by 
the  term  "  Versteinerung,"  or  petrifaction.  It  is  often  associated  with  a 
decrease  in  the  thickness  of  the  seam,  and  with  a  disturbance  in  the 
deposition.     The  following  are  a  few  examples: — 

Colliery.  Seam. 

1.— Altemvald No.  16. 

2. — Gerhard        Heinrich. 

3. — Kronprinz Dilsburg. 

4. — Prinz  Wilhelm        Auerswald. 

5.— Reden  Jacob. 
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1. 

2. 

3. 

4. 

5. 

Coal            

Calcic  carbonate    ... 
Magnesic  carbonate 
Silicic  anhydride  ... 
Alumina  and  ferric  oxide 
Lime 

Magnesia 

Alkalies  and  loss  ... 

69-72 

o-io 

0-19 

15-89 
10-28 

•12 
3-70 

60-32 

18-56 

10-27 

3-71 

6-54 

•27 

■02 

•28 

40-35 

•40 

1-04 

27-71 

22-55 

•31 

•01 

7-63 

79-07 

10-42 

6*09 

•49 
3-30 
•08 
•05 
•50 

21-93 

49-82 

17-32 

1-90 

8-59 

•36 

•08 

100 

100 

100 

100 

100 

The  specific  weight  of  the  bituminous  coal  is  less  than  that  of  the  non-bituminous. 
Average  specific  weight  of  all  coals,  1'280. 

COMPOSITION  OF  COALS. 


Percentage  of 

„ 

C. 

H. 

o. 

N. 

Ash. 

1 

Natzmer 

83-36 

5-19 

9-06 

•60 

1-52 

1 

Duttweiler  < 

( 

Beyer 

81-29 

5-30 

8-54 

4-87 

>  Bituminous. 

( 

Blueher 

80-53 

5-06 

11-91 

2-50 

Heinitz    ...  ■< 

I 

Aster ... 

78-97 

5-10 

13-22 

271 

Gerhard  ...  < 

Beust... 

72-38 

4-46 

15-05 

8-11 

1 

1 

Heinrich 

70-20 

4-70 

13-27 

11-83 

Von  derHeydt 

Carl  54" 

70-30 

3-52 

18-14 

8-04 

( 

Kallenberg    . . . 

71-52 

4-06 

14-79 

9-63 

Reden      ...  < 

'Non-bituminous, 

I 

Alexander 

69-46 

4-19 

17-35 

9-00 

1 

Alvensleben  ... 

68-62 

3-76 

17-57 

10-05 

Geislautern  < 

1 

Emil 

73-77 

4-35 

17-83 

4-05 

Kronprinz  ... 

Schwalbach  ... 

62-90 

3-84 

17-14 

15-86 
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HEATING  POWERS. 


No. 

Collieries. 

Seams. 

Lbs.  of  Water  at  32°  F. 
evaporated  by  lib  of  Coal. 

*Lbs.  of  Water  at  100°  F 
evaporated  by  lib.  of  Coal. 

First 
Experiment. 

Second 
Experiment. 

First 
Experiment. 

Second 
Experiment. 

1 

Gerhard     . . . 

Beust 

Lbs. 

685 

Lbs. 
6-85 

Lbs. 
725 

Lbs. 

7-27 

2 

Do. 

Heinricli    ... 

654 

6-77 

694 

7-19 

3 

Heinitz 

Bliicher 

792 

7-71 

840 

8-22 

4 

Do. 

Aster 

7-61 

7-85 

8-08            8-33 

5 

Duttweiler... 

Natzmer    . . . 

754 

8-07 

8-00            8-57 

6 

Do.       ... 

Beyer 

773 

7-54 

8-21            8-00 

*  Standard  temperature  taken  by  the  English  Government. 

Blowers  are  often  met  with  at  Wellesweiler  and  Gerhard. 
IX.— RED  ROCK. 

A  few  words  must  be  said  about  a  very  curious  occurrence,  namely,  that 
of  the  so-called  "Rothe  Gebirge"  (Red  Rock).  It  consists  in  a  peculiar 
colouration  of  the  coal-measures  due  to  ferric  oxide.  Red  spots  appear 
first,  which,  increasing  in  number,  soon  colour  the  particular  stratum  in- 
tensely red.  One  stratum  is  generally  affected  at  a  time,  the  top  and 
bottom  strata  being  unaffected. 

Seams  of  coal  in  the  neighbourhood  of  red  rock  "  petrify"  and  thin 
out;  they  become  irregularly  stratified,  and  faults  occur. 

X.— LOSS  OF  LIFE. 
In  relation  to  the  output,  loss  of  life  in  the  Prussian  part  of  the  coal- 
field compares  very  favourably  with  that  in  the  Westphalian  coal-field. 

Deaths  in  1875  (resulting  from  Accidents). 


Cause. 

Saarbriicken. 

Westphalia. 

Firing  shots  (blasting)  ... 

3 

16 

Falls  of  stone  and  coal  . . . 

24 

78 

Upon  Inclines 

2 

46 

In  shafts ... 

5 

70 

Upon  Rolley ways 

2 

5 

Vitiated  air 

8 

21 

By  Machinery     ... 

1 

9 

Through  Eruption  of  water 

2 

At  bank  ... 

3 

26 

Other  causes 

1 

6 

49 
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Coal-Field. 

Collieries 
Worked. 

Men 
Employed. 

Output  in 
Tons. 

Prussian-Saarbrueken    . . . 
Westphalia 

14 

259 

22,608 
81,822 

4,497,804 
16,434,790 

The  proportion  of  loss  of  life  to  output  in  tons  is  consequently,  in : — 
Prussian  Saarbriicken       ...         ...     as  1    ;    91,792 

Westphalia  1    :    58,906 

The  proportion  of  loss  of  life  to  number  of  men  employed  is,  in — 
Saarbriicken  (Pr.)  ...         ...         ...     as  1  :  461 

Westphalia  1  :  293 

The  loss  of  life  so  far  as  men  employed  is  concerned  is  consequently 
less  at  Saarbriicken  than  in  England,  in  which  the  proportion  is  as  1  :  436. 
Even  the  number  of  tons  produced  per  life  lost  does  not  compare  badly 
with  that  obtained  in  England,  in  which  it  is  as  118,730  :  1. 

XL— OUTPUT. 

Total  Output  of  the  Coal  Field  in  1876. 


Number  of 
Collieries. 

Number  of 
Workmen. 

Output. 

Quantity  in 
Tons. 

Value  in 
Pounds 
Sterling. 

Prussian  Government    ... 
Prussian  Private 
Bavarian ... 
Lorraine  ... 

Total     

9 
5 
3 
2 

22,771 
482 
863 

2,585 

4,397,186 

80,062 

145,091 

370,102 

2,130,996 

42,091 

78,079 

172,342 

19 

26,701 

4,992,441 

2,423,508 

Output  at  the  different  Government  Collieries  in  1877  foe  the  first 

Half- Year. 

Tons. 
118,708 

245,803 

187.849 

279,275 

269,415 

297,965 

366,411 

195,457 


1. — Kronprinz 

2.— Gerhard 

3.— Von  der  Heydt 

4. — Dudweiler 

5. — Sulzbach... 

6. — Reden 

7. — Heinitz   ... 

8. — Konig-Wellesweiler 


9. — Friedrichsthal-Quierschied 

Total  for  first  half-year 


106,664 
2,067,547 
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XII.— WORK  AND  WAGES. 

The  Prussian  portion  of  the  coal-field  being  nearly  wholly  in  the 
hands  of  the  State,  its  management  presents  many  peculiarities,  especially 
in  its  relation  to  labour. 

Nowhere  is  there  so  much  done  for  the  moral  and  material  welfare  of 
the  men  in  the  way  of  healthy  houses,  schools,  societies  for  mutual  benefit, 
and  others. 

Night  and  Sunday  work  has  been  removed  as  far  as  possible;  the 
former  ten  to  twelve  hours  day  and  night  shifts,  having  been  changed 
some  time  ago  for  two  day  shifts  of  eight  hours  each,  though  they  are  still 
sometimes  extended  to  eleven  hours. 

There  has,  as  yet,  been  no  request  for  reducing  the  time;  on  the  con- 
trary the  men  employed  on  bargain  work  often  try  to  prolong  their  shift 
against  the  advice  of  the  officials. 

Bargain  work  is  enforced  wherever  it  is  feasible.  About  90  per  cent, 
of  the  men  employed  at  the  mines  work  by  bargain. 

Places  are  let  every  quarter.  A  price  is  fixed  on  each,  and  the  men 
outbid  each  other  by  smaller  offers. 

The  wages  are  regulated  to  a  certain  extent  by  the  existing  demand 
and  supply  of  coal.  They  are  altered  at  the  Government  mines  in  ac- 
cordance with  changes  in  the  price  of  the  necessaries  of  life  without  coercion 
on  the  part  of  the  men. 

Socialistic  tendencies  have  not  yet  had  any  influence  on  the  men; 
strikes  are  as  yet  unknown. 

Until  the  year  1870  wages  rose  very  gradually,  but  after  the  Franco- 
German  war  they  rose  in  an  unprecedented  manner,  owing  to  the  sudden 
development  of  trade.  This  rise  in  wages  attained  its  maximum  towards 
the  beginning  of  the  year  1874,  the  wages  being  then  36  per  cent,  higher 
than  in  1870.  In  the  autumn  of  1874,  a  slight  retrogression  took  place, 
which  continued  all  through  1875  and  187G.  At  the  end  of  187G  the 
wages  had  returned  to  what  they  were  in  the  spring  of  1872.  This 
reduction  in  wages  having  taken  place  very  gradually  was  not  accom- 
panied by  distress. 

The  average  wages  in  1876  were  b\  per  cent,  less  than  in  1875 — 
15  per  cent,  more,  however,  than  in  1870. 

The  following  are  the  average  wages  for  one  shift  of  eight  hours,  after 
deducting  all  outlays,  excepting  lamp  oil  and  new  tools : — 
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Year. 

Piece  Work. 

Hewing,  Putting,      | 
and  Stone  work. 
77  per  cent,  employed. 

Mending  Roads, 
Carpentering,  Arching,  j 

Repairing,  etc. 
12  per  cent,  employed.  , 

1869. 
1872. 
1874. 
1875. 
1876. 
1877. 

s.        d. 

2  7-2 

3  26 
3    7-4 
3     3'9 
3     1-5 
3    0-7 

s.       d. 
2     23 

2     7-2 

2  11-0 

2  10-0 

2     9.0 

2     8-0 

The  average  yearly  income  of  workmen  engaged  in  the  above  occu- 
pations was,  in — 


1869 
1872 
1874 
1875 
1876 
1877 


£     s.    a. 
35     4    34 

42  15  11-57 

46  10    4-25 

42  14    0-38 
40    0  10-76 

38  10      -11 


The  outlay  on  lamp  oil  and  new  tools  has  to  be  deducted.  Lamp  oil  comes 
to  25s.  yearly,  being  about  a  penny  per  shift;  new  tools  about  9s.  a-year. 

The  usual  smiths'  charges  are  already  deducted  in  the  above  calcula- 
tions, tools  being  sharpened  by  the  collieries. 

Taking  these  outlays  into  consideration  the  average  yearly  income  of  a 
workman  in  1876  was  £38  7s.  Id.;  and  deducting  the  compulsory  sub- 
scription to  the  sick  fund,  namely,  £2  Os.  6'9d.,  it  amounted  to  £3G  6s.  6d. 

This  is  the  average  throughout,  including  putters  as  well  as  hewers  ; 
the  former  receive,  however,  smaller  average  wages  and  the  latter  much 
higher  ones.     In  distributing  sums  earned  by  gangs  of  workmen  the  pro- 


portion allotted  to  a  hewer  is  to  that  allotted  to  a  putter,  as  1 :  §, 

or  some  other  fraction. 

Hewers'  wages  per  shift  were: — 

s.     a. 

1873      3    8-4 

1874       3  10-14 

1875       3     6-43 

1876       3    39 

1877 3    32 

Being  7  to  8  per  cent,  higher  than  the  total  average. 


or  1 :  f, 
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By  taking  into  account  the  wages  of  all  worlanen  employed,  both  above 
and  below  ground,  we  get  the  following: — 


Total  Average  Wages  pes  Man  pee  Shift  of  Eight  Hours. 


1871 
1872 
1873 
1874 
1875 
1876 
1877 


d. 

9-5 
03 
38 
4-9 
26 
0-2 


2 
3 
3 
3 

3 
3 
2  11-0 


XIII.— SCHOOLS. 


Starting  from  the  principle  that  the  education  of  the  working  classes 
is  of  essential  importance  to  the  interest  of  the  owners,  the  State,  wherever 
acting  as  such,  has  greatly  promoted  it  by — 

(1)  Elementary  or  National  Schools. — In  some  cases  defraying 
all  expenses  which  otherwise  would  have  to  be  incurred  by  the  parish. 

(2)  Schools  for  Further  Improvement. — For  the  purpose  of 
consolidating  the  knowledge  acquired  in  elementary  schools.  Of  these 
there  were,  attached  to  the  Government  mines,  in  1874,  thirteen,  com- 
prising twenty-one  separate  classes  and  twenty- six  masters. 

No.  of  Scholars. 
40 

140 

65 

70 

25 

28 

106 

34 

43 

29 

60 

65 

20 

725 

Many  of  these  scholars  are  over  sixteen  years  of  age. 

Under  the  active  management  of  the  mining  schools  referred  to  below, 
the  course  of  studies  in  these  schools  has  been  made  to  correspond  with 
those  taught  there,  so  that  scholars  can  pass  readily  from  one  to  the  other. 

(3)  Libraries  and  Reading  Eooms  for  the  further  improvement  of 
older  as  well  as  younger  men.  Lectures  are  also  delivered  in  them  by 
colliery  officials. 


No. 
Schwalbach 

of  Classes. 
2 

Luisenthal 

3 

v.  d.  Heydt 

1 

Dudweiler 

2 

Altenwald 

1 

Sulzbach 

1 

Kleinheiligenvvald 

3 

Elversberg 

1 

Neunkirchen    ... 

1 

Wellesweiler     . . . 

1 

Wiebelskirchen 

2 

Friedrichsthal  . . . 

2 

Quierschied 

1 
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(4)  Associations  of  a  Social  and  Musical  Character. — Under 
this  head  comes  a  yearly  festival,  for  which  the  State  grants  3s.  per  man, 
this  amounts  to  a  sum  of  over  £3,000.     (See  page  35.) 

(5)  A  Weekly  Paper,  called  the  Miner's  Friend,  which  combines 
instruction  with  entertainment. 

(6)  Sewing  and  Industrial  Schools  for  the  daughters  of  workmen. 
There  were  twelve  of  these  schools  at  the  collieries  in  187G,  and  282  girls 
received  instruction.     The  cost  of  maintenance  amounted  to  £450. 

(7)  Infant  Schools.— There  are  eleven  of  these,  attended  by  1,300 
children.     Cost  of  maintenance,  £588. 

(8)  Mining  Schools. — (a)  Preparatory  Mining  Schools  (Steiger  and 
Bergvorschule),  of  which  there  are  three ;  one  at  Altenkessel,  one  at 
Dudweiler,  and  one  at  Neunkirchen. 

(b)  Principal  Mining  School  (Hauptbergschulc),  of  which  there  is 
only  one,  which  is  situated  in  Saarbriicken. 

These  schools  supply  all  under-officials,  such  as  deputies,  overmen, 
and  under-viewers,  etc.,  and  furnish  a  constant  supply  of  educated  as  well 
as  practical  officials. 

Scholars  of  Preparatory  Schools  have  to  keep  themselves  ;  they  do  not 
receive  any  money  grant.  The  hours  of  work  in  school  are — in  summer, 
from  7  a.m.  to  11  a.m.;  and  in  winter,  from  8  a.m.  till  12  a.m.;  the 
afternoon  is  reserved  for  underground  labour.  Each  scholar  makes  a  daily 
shift  of  six  hours.  Once  a  fortnight,  on  Saturday  afternoons,  they  have 
two  hours  surveying.  If  not  living  at  home  a  scholar  spends  from  £1 
16s.  to  £2  5s.  for  food  and  clothing  monthly,  whilst  his  average  monthly 
wages  come  to  from  £2  10s.  to  £3.  The  course  lasts  a  year  and  a  half. 
Scholars  of  the  Principal  School  have  no  time  to  earn  their  bread ;  they 
have  to  board  either  in  Saarbriicken  or  in  St.  Johann.  They  receive  a 
monthly  allowance  of  £2  8s.,  and  in  a  few  cases  extraordinary  assistance. 
The  hours  of  work  are  from  8  to  12,  and  from  2  to  4  every  day. 

A  Surveyor's  Class  has  been  started  since  1876  in  connection  with 
this  school,  so  as  to  enable  students  to  qualify  for  the  Surveyors'  State 
Examination.  The  surveying  class  takes  up  twelve  hours  weekly ; 
Mondays  and  Tuesdays  from  8  till  12,  and  Saturdays  from  2  till  6 ; 
practical  underground  surveying  takes  up  the  rest  of  the  time — on  class 
days  only  four  hours,  and  on  other  days  eight  hours.  At  the  end  of  each 
course  an  examination  takes  place  at  each  school. 

The  qualifications  for  entrance  into  Preparatory  Schools  are: — 

(1)  Not  less  than  one  year's  underground  experience. 

(2)  Conduct  during  that  time  must  have  been  blameless. 
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(3)  A  certificate  of  attendance  at  the  national  school. 

(4)  A  certificate  of  attendance  at  the  schools  for  further  improvement. 

(5)  A  statement  of  occupation  since  leaving  school  and  entering  pit. 

(6)  A  doctor's  certificate  as  to  perfect  bodily  fitness  for  mining  duties. 
The  qualifications  for  entrance  into  the  Principal  School  are  : — 

(1)  Certificate  of  successful  attendance  at  a  Preparatory  School,  or 

possession  of  equivalent  amount  of  knowledge. 

(2)  Certificate  of  work  and  good  behaviour. 

(3)  Special  certificate  from  the  manager  of  the  colliery  at  which  he 

had  been  working  as  to  practical  capability. 

(4)  The  candidate  must  have  performed  his  military  duties,  or  must 

be  exempt  from  them. 

Written  statements  must  be  handed  in. 

In  1870,  149  candidates  went  in  for  the  entrance  examinations  at  the 
Preparatory  Schools  ;  out  of  these  only  59  entered.  In  1877,  the  total 
number  of  scholars  was  36,  namely,  12  in  each  school.  This  diminution 
in  numbers  was  owing  to  a  raised  standard  of  examination,  requiring 
greater  scientific  knowledge  and  physical  fitness,  on  account  of  the  great 
number  of  old  students  waiting  for  situations.  Twelve  candidates  were 
allowed  to  enter  the  Principal  School.  As  an  exception,  several  of  these 
had  not  quite  performed  their  military  duties  which  were  completed  at  the 
end  of  the  course. 

The  surveying  class,  which  began  in  1876,  commenced  with  two  stu- 
dents, who  were  old  scholars  from  the  Principal  School. 

Of  71  students  who  attended  the  above  schools  in  1876-77 — 

18  were  sons  of  uncler-officials. 

24         „        of  miners. 

29  „         of  non-miners. 

The  age  on  entering  varied  from  seventeen  to  twenty-six. 

The  average  time  spent  in  underground  labour  before  entering  the 
schools  was,  in  the  case  of  the  preparatory  students  two  years  and  nine 
months,  and  five  years  and  three  months  in  that  of  the  principal 
students.  The  time  varied  from  one  to  six  and  a  half  years.  16  had 
performed  military  duties,  5  were  exempt,  50  had  still  to  serve,  or  were 
uncertain  about  it.  Of  these  71  students,  two  have  died,  and  69  have 
completed  the  course. 

It  has  to  be  remarked  that  very  few  of  these  scholars  carry  on  their 
studies  when  once  started  in  life,  and  must  necessarily  forget  most  of 
what  they  have  learned  ;  the  influence  of  the  training,  however,  cannot 
be  lost. 
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Each  student,  until  he  has  got  a  situation,  must  every  quarter  produce 
a  written  composition.  The  theme,  which  is  given  by  the  authorities, 
relates  as  a  rule  to  some  underground  subject.  They  are  well  Looked 
over,  and  returned  corrected  with  observations  attached.  In  some  cases 
they  have  to  be  re-worked.  Although  the  one  and  a  half  year's  course  at 
the  preparatory  schools  seems  short,  yet  it  does  not  seem  advisable  to 
extend  it  to  two  years.  The  small  number  of  students  makes  the 
teaching  very  thorough,  and  allows  of  teaching  in  less  time. 

XIV.— THE  YEARLY  FESTIVAL. 

Being  at  Saarbriicken  at  the  time  of  the  yearly  festival,  the  writer 
availed  himself  of  the  opportunity  of  observing  it  at  Von  der  Heydt  Colliery. 
Each  colliery  entertains  its  own  men.  Small  mortars  were  fired  at  intervals 
all  the  morning.  At  nine  o'clock  the  miners  began  to  assemble  in  their 
peculiar  gala  dress,  resembling  a  uniform.  At  ten  o'clock,  headed  by  all 
the  officials  and  accompanied  by  their  bands,  they  marched  to  their  differ- 
ent churches.  After  re-assembling,  and  this  time  accompanied  by  women 
and  children,  they  proceeded  in  procession  through  the  village,  which  was 
well  decorated  with  flags,  to  the  new  well  laid-out  grounds  of  entertain- 
ment, which  were  also  gorgeously  decorated.  Inscriptions,  such  as,  "  Wel- 
come to  the  Happy  Feast,"  "  May  Mining  Prosper,"  and  the  old  German 
salutation,  "  Gliick  auf,"  of  which  a  translation  is  impossible,  were  to  be 
seen. 

The  procession  was  here  received  and  addressed  by  the  manager,  Herr 
von  Ammon,  whose  guest  the  writer  was.  After  the  first  toast  had  been 
proposed  to  their  Emperor  King,  the  people,  to  the  number  of  2,000,  all 
sat  down  to  tables  and  seats  fixed  in  the  ground,  and  partook  of  a 
copious  repast,  at  which  much  beer  was  consumed,  the  bauds  playing 
meanwhile.  After  this,  the  younger  members  commenced  dancing,  the 
officials  joined,  and  older  men  also  indulged.  There  were  whirligigs  and 
other  entertainments  for  children.  At  five  o'clock  the  manager  handed 
over  silver  watches  to  the  five  oldest  miners  in  recognition  of  their  faithful 
services.     The  feast  came  to  a  successful  ending  at  seven  o'clock. 

This  yearly  re-union  of  officials  and  men  is  productive  of  much  mutual 
good  understanding.  It  helps  to  strengthen  that  bond  of  unity  which 
should  exist  between  employers  and  men. 

XV.— DWELLINGS. 

The  settlement  of  the  men  at  the  Government  Works  is  greatly  pro- 
moted. For  this  purpose  the  colliery  either  (!)  builds  the  cottages 
and  lets  them  to  the  men ;   (2)  builds  the  cottages  and  sells  them  to 
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picked  men ;  (8)  the  men  build  their  cottages  and  the  colliery  ad- 
vances money,  gives  premiums  and  procures  the  site;  or  (4)  the  men 
build  their  cottages,  and  the  colliery  advances  money  without  procuring 
a  site. 

The  latter  method  has  been  mostly  adopted,  the  first  one  is  coming  in 
vogue;  it  was  first  adopted  during  a  sudden  influx  of  men. 

The  money  for  premiums  or  advance  is  given  partly  by  the  State  and 
partly  by  the  Mutual  Benefit  Societies  which  are  under  State  control. 
Advances  amount  to  about  £22  per  cottage  at  4  per  cent,  interest,  5s.  to 
6s.  having  to  be  paid  back  monthly.  Colliery  villages  have  also  been 
started  nearer  the  pits. 

As  the  men  did  not  take  to  these  rows  at  first,  inducements  had  to  be 
held  out,  such  as  advance  without  interest  and  more  premiums.  But 
even  then  the  colliery  has  had  to  build  the  houses  and  let  them. 

Large  dormitories  (Schlaffhauser)  have  been  erected  at  the  largest 
collieries  for  the  convenience  of  men  living  at  a  distance.  The  dormitory 
at  Yon  der  Heydt,  which  the  writer  inspected,  presented  more  the  ap- 
pearance of  barracks  with  room  for  200  men  ;  and  the  smartness,  order, 
and  cleanliness  with  which  everything  was  carried  on,  cannot  be  too 
highly  spoken  of.  These  dormitories  are  supplied  with  extensive  kitchen 
arrangements,  meals  being  provided  at  very  moderate  prices.  There  are 
reading-rooms  and  sitting-rooms.  These  houses  are  much  used  by  single 
men. 

XVI.— NUMBER  OF  MEN  EMPLOYED. 

Number  of  Men  Employed  at  the  different  Government  Collieries  during 
the  First  Half-Year  of  1877. 

1. — Kronprinz         ...         ...         ...        ...         ...         ...         ...  1,677 

2.— Gerhard 2,733 

3.— v.  d.  Heydt        2,136 

4. — Dudweiler         ...         ...         ...         ...         ...  3,175 

5.— Sulzbach  2,479 

6.— Reden 2,749 

7.— Heinitz 3,287 

8.— Konig-Wellesweiler 2,030 

9. — Friedriclisthal  Quierschied     ...         ...         ...         ...         ...  1,252 


At  the  collieries  ..,         ...         ...         ...         ...     21,518 

10. — Weighinen's  Department  ...         ...         ...         ...  9 

11. — At  the  Saarbriicken  Canal  Offices  ...         ...         ...         ...  127 

21.654 
Housekeepers  ...         ...         ..,         ...         ...         ...         ...  565 


Total  employed         22,219 
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Of  these,  18,742  were  employed  underground  and  3,51 9  at  bank.    Amongst 
the  latter  about  400  were  between  sixteen  and  eighteen  years  of  age. 

Undek-Officials. 

18  Under-viewers  (Obersteiger). 

13  Engineers  (Maschinen  werkmeister). 
2  Coke  and  Gas  Inspectors. 

9  Foremen  Masons  (Bauwerk  meister). 

20  Overmen  (Fahrsteiger). 

37  Inspectors  (at  bank). 

12  Engine  and  Smith  Foremen. 

202  Deputies  (Grubensteiger). 

35  Weighmen. 

44  Colliery  Watchmen. 

14  Dormitory  Keepers. 
6  Roads  Watchmen. 

412  Officials. 

Besides  58  Inspectors  about  the  collieries. 

Number  of  horses  employed,  about  GOO. 

One-fifth  of  the  men  occupied  dormitories. 

The  number  of  women  and  children  was  about  49,000. 


XVII.— INDICTABLE  CRIMES. 

Minees  Sentenced  in  1876  and  1877. 


1. — For  theft,  fraud,  etc.  ... 
2. — Immorality 

3.— Murder  

4. — Wounding  and  Assault 

5. — Slander,  false  accusation 

6. — Breaking  Rules 

7. — Disturbing  the  Peace,  Misdemeanour 

Total  


53 

26 

4 

14 

5 

1 

102 

174 

36 

61 

20 

19 

38 

59 

258 

354 

Number  of  Men  Sentenced  pek  1,000. 


In  1873 
1874 
1875 
1876 

1877 


75 

90 

8-4 

111 

157 


This  increase  is  partly  to  be  attributed  to  the  greater  enforcement  of  the 
law,  and  partly  to  a  spirit  of  insubordination  and  dissatisfaction  which  has 
lately  prevailed  in  the  whole  of  Germany,  greatly  fomented  by  socialistic 
tendencies. 


Tabulated  ts  eegaed  to  Age. 

1876. 

1877. 

Per  1,000. 

Per  1,000. 

Ill 

124 

150 

301 

10-4 

133 

7-6 

8-5 

7-4 

8-3 
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Miners  Sextexced- 


Under  20        years 
From   20  to  25    „ 

„       26  to  30    „ 

.,       31  to  40    „ 
Over    40  years     ... 

Showing  that  the  younger,  unmarried  men  are  those  who  get  most  into 
trouble. 

XVIII.— MODE  OF  WORKING. 
For  a  long  time  the  only  method  of  working  was  by  board  and  pillar 
(Pfeilerbau),  of  which  three  varieties  are  distinguished  according  to  the 
direction  in  which  the  boards  are  driven — 

1. — Fully  to  the  rise  (sclnvebend) 

2. — Diagonally  (or  cross-cut  ways)  to  the  rise    ...         ...     (diagonal) 

3. — In  a  horizontal  direction         ...         ...         ...         ...     (streichend) 

The  direction  in  which  the  boards  are  driven  is  not  necessitated  by  the 
preponderance  of  the  cleat  in  one  direction  as  it  is  in  England ;  for  the 
so-called  "  cleat"  is  unknown,  and  "  backs"  occur  rarely. 

Loxgwall  (Strebbau)  was  first  introduced  in  1864,  and  has  proved 
very  satisfactory,  enabling  some  seams  to  be  worked  which  formerly  were 
considered  unworkable,  and  producing  cleaner  coals  out  of  others. 

As  in  board  and  pillar,  so  in  long- wall,  three  varieties  are  distinguished 
according  to  the  direction  in  which  the  face  is  advancing. 

BOARD  AND  PILLAR. 

1. — Schwebexder  Pfeilerbau. — Plate  VI.,  Fig.  1,  shows  this  variety 
of  board  and  pillar  as  adopted  in  the  Beust  seam  at  Gerhard  Colliery.  The 
boards  are  driven  to  the  rise  with  a  breadth  of  34  feet,  leaving  pillars  46 
yards  broad  between  them.  The  seam  is  over  12  feet  thick,  and  has  about 
3  feet  of  bands.  These  are  stowed  away  in  the  middle  of  the  boards,  thereby 
forming  a  travelling  road  on  the  right  and  an  inclined  plane  on  the  left. 
As  soon  as  the  boundary  is  reached,  lifts  9  to  11  yards  in  breadth  are 
taken  off.  In  this  way  half  a  pillar  is  worked  off  from  each  board  by 
consecutive  lifts. 

2. — Diagoxaler  Pfeilerbau. — Plate  VI.,  Fig.  2,  will  explain  this 
variety  of  board  and  pillar.  It  is  very  well  developed  at  Saarbrucken,  and 
invariably  adopted  in  seams  with  a  dip  of  not  more  than  13  inches  in  the 
yard,  and  not  containing  much  gas. 
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The  boards  arc  started  from  the  lower  level  with  a  breadth  of  5  feet. 

At  a  distance  of  25  feet  from  this  level  they  assume  a  much  greater  breadth. 
Headways  arc  driven  for  ventilation.  The  pillars  are  removed  either  in 
long  slices  parallel  to  the  direction  of  the  boards,  or  in  short  slices  at  right 
angles  to  the  boards.  The  former  method  is  employed  when  the  roof  is 
good  and  the  seams  not  too  thick;  the  latter  in  thick  seams,  and  when  the 
roof  is  bad. 

The  districts  have  to  be  kept  as  isolated  from  each  other  as  possible 
because  of  the  frequent  occurrence  of  fires.  Pillars  A  A  are  therefore  left 
imperforated. 

3. — Streichexder  Pfeilerbau. — Plate  VII.,  which  is  a  copy  taken 
from  the  plan  of  the  Blucher  seam  at  Sulzbach  Colliery,  will  explain  this 
variety.  The  Blucher  seam,  which  is  from  10  to  12  feet  thick,  and  con- 
tains no  bands  at  this  colliery,  has  an  inclination  of  about  40  degrees. 
Levels  have  a  vertical  distance  of  210  feet,  one  from  the  other.  The  portion 
of  coal  lying  between  two  levels  is  worked  froni  the  lower  level  by  driving 
boards  and  headways  as  in  England.  The  block  which  is  to  be  worked 
is  made  from  220  to  325  yards  long.     The  upper  blocks  are  worked  first. 

LONG-WALL. 

1. — Schwebexder  Strebbau. —  This  is  much  employed.  At  the 
Gerhard  Colliery  the  Carl  and  the  Marie  seams  are  worked  by  it.  The  Carl 
seam  is  3  feet  1  inch  thick,  and  contains  no  bands;  the  roof  is  bad  and  gas 
is  rare.  The  Marie  seam  is  5  feet  3  inches  thick,  and  has  three  bands,  which 
amount  to  a  thickness  of  1  foot  2  inches.  The  inclination  of  both  seams 
is  G  inches  in  the  yard.  Plate  VIII.  shows  this  variety,  as  seen  in  the 
Carl  seam.  It  resembles  the  ordinary  long-wall.  The  gob-roads,  which  are 
fitted  up  into  inclined  planes,  are  82  feet  apart.  These  are  self-acting, 
the  full  tubs  pulling  up  the  empty  tubs  in  their  descent.  There  are  four 
lines  of  rail.  Two  or  three  feet  of  roof  are  shot  down  in  the  gob-roads,  and 
the  stones  so  got  are  used  for  packing  the  walls.  This  is  carefully  done, 
and  the  remainder  is  thrown  between  the  pack- walls;  chocks  are  also  used. 
The  coal  is  blasted  in  the  ordinary  manner  during  the  day,  whilst  packing 
and  shooting  down  the  roof  is  done  by  a  night  shift.  The  face  of  work  was 
formerly  kept  entire  and  assumed  a  great  length;  the  present  step-like 
arrangement,  with  stalls  twenty-seven  yards  long,  distributes  the  pressure 
better.  Two  rows  of  props,  alternately  placed,  are  used  to  supp<  »rt  the  roof. 
The  blocks  do  not  exceed  1 40  yards  in  length.  This  variety  <  >f  1<  mg-wall  has 
produced  a  better  ventilation  and  more  round  coal  than  board  and  pillar. 

2. — Streichexder  Strebbau. — This  variety  of  long-wall  has  been 
adopted  in  the  Max  seam  at  Gerhard  Colliery.     The  Max  seam  has  an 
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inclination  of  14  inches  in  the  yard,  and  gives  out  much  gas,  especially 
from  the  roof.  Two  roads  are  first  driven  to  the  rise,  one  of  which 
becomes  an  inclined  plane.  From  them  the  work  is  started  in  a  horizontal 
direction,  as  shown  in  Plate  IX.  Gob-roads  are  left  every  55  feet.  Owing 
to  a  limited  supply  of  stowing  material  the  pack-walls  are  made  6  feet 
broad,  and  chocks  are  placed  alternately  behind  them.  The  face  assumes 
a  step-like  appearance,  the  upper  stalls  being  started  first.  The  upper 
breadth  is  kept  a  little  ahead  so  as  to  allow  the  roof  to  settle  on  to  the 
pack-walls  before  the  lower  breadth  is  started.  The  blocks  do  not  exceed 
140  yards  in  length.  Pillars  (A)  of  coal  are  left  above  and  below  to  support 
the  roads.  Other  varieties  of  long-wall  have  been  tried  in  the  Max  seam, 
but  none  have  answered  so  well  as  the  one  described.  The  inclined  plane 
resembles  that  described  by  Mr.  Galloway.*  The  frame  is  made  to  stop 
at  different  levels.  It  conveys  only  one  tub  at  a  time  (10  cwts.),  but  is 
kept  constantly  going. 

XIX.— SURVEYING. 
Surveys  are  made  by  certificated  surveyors,  of  which  there  are  thirteen 
in  this  district.     Certificated  surveyors  only  may  be  employed. 

Candidates  for  the  surveyor's  certificate  have  to  pass  an  examination 
in  the  following  subjects  : — mathematics,  geometry,  mechanics,  physics, 
geology,  mining  law,  survey  in  all  its  branches,  mathematical  and  physical 
geography,  mining,  mineralogy;  and  they  must,  in  addition,  make  a  large 
survey. 

The  places  at  which  to  qualify  for  this  examination  are  the  Mining 
Academies  of  Germany,  of  which  there  are  several.  The  course  extends 
over  three  years. 

The  law  relative  to  underground  surveying  goes  greatly  into  detail, 
much  importance  being  attached  to  it  for  reasons  of  safety  as  well  as 
economy. 

The  instruments  employed  for  surveying  are  the  theodolite,  of  which 
there  are  many  kinds,  the  goniometer,  and  the  dial. 

The  form  of  dial  in  use  is  what  is  called  the  "suspended  dial"  (Hange 
compass).     It  consists  of — 

1. — The  dial  (compass,  Fig.  1,  Plate  X.),  which  is  divided  into  3^0 

degrees  from  right  to  left. 
2. — The  frame  (Htingezeug,  Fig.  2).     It  consists  of  an  arc  B  and  a 
circle  C,  at  right  angles  to  each  other.     The  arc  is  one  mille- 
metre  thick  and  fifteen  millemetres  broad.    Hooks,  A  A,  are  for 
suspending  the  instrument  to  a  string.     The  circle  is  half  as 

*  Transactions,  Vol.  XXVII.,  page  174. 
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broad  and  twice  as  thick  as  the  arc;  it  is  joined  to  the  arc  as 
shown  in  Fig-.  2  ;  and  is  moveable  around  the  axis  E  E,  but  only 
so  far  as  the  wings,  F  F,  will  allow.     At  D  D,  which  arc  in  line 
at  right  angles  to  E  E,  are  two  small  projections  which  fit  into 
corresponding  depressions  (A  A,  Fig.  1)  in  the  dial ;  the  latter 
are  situated  in  the  E.W.  line.     By  this  means  the  dial  will 
assume  a  horizontal  direction,  at  whatever  angle  the  string 
may  be  drawn.    This  result  would,  of  course,  also  be  achieved 
if  the  circle  was  fixed  to  the  arc. 
The  survey  is  made  as  follows  : — A  string  is  tightly  fastened  to  props 
or  any  other  pieces  of  wood,  or  even  to  the  rock  itself,  by  means  of  screws 
(Figs.  3  and  4).     The  distance  between  two  screws  ought  not  to  exceed 
sixteen  metres.     By  suspending  the  dial  in  the  centre  of  the  string,  the 
bearing  will  be  obtained.    The  vertical  angle  is  then  determined  by  suspen- 
ding a  plumbob  (Fig.  5)  to  the  string.    Should  the  vertical  angle  be  great, 
the  instrument  and  plumbob  are  kept  in  their  place  by  riders  (Fig.  G). 
The  string  is  measiu'ed  by  means  of  a  light  chain  ten  metres  long,  having 
five  links  to  a  metre;  wooden  riders  (Fig.  7)  are  used  for  marking  off 
lengths  on  the  string.     The  vertical  height,  as  well  as  the  horizontal 
distance  of  each  point,  can  in  this  way  be  very  accurately  ascertained. 

Having  made  many  surveys  with  this  instrument,  the  writer  has  satis- 
fied himself  as  to  its  suitability,  and,  in  cases  in  wdiich  legs  cannot  be  fixed, 
its  superiority  to  other  dial  arrangements.  Should  ferruginous  substances 
be  present,  any  error  arising  from  such  a  cause  will  be  avoided  by 
taking  the  bearing  twice,  once  at  each  end  of  the  string.  Should  the 
needle  be  deflected  at  the  end  of  one  length,  the  same  deflection  will  take 
place  at  the  beginning  of  the  next  length,  and  the  difference  between  both 
readings  will  give  the  actual  angle  which  one  length  of  string  makes  with 
the  other.  Still  greater  exactness  can  be  obtained  by  fixing  the  lengths 
of  string  as  shown  on  plan  in  Fig.  8,  where  the  dial  is  suspended  on  one 
length  of  string  immediately  below  or  above  the  preceding  length. 
Whatever  the  deflection  of  the  needle  may  be,  the  true  angle  formed  by 
the  two  lengths  will  be  ascertained; 

Under  the  term  "goniometer,"  is  meant  an  instrument  resembling  a 
theodolite,  but  less  cumbersome.  The  principle  is  almost  the  same  as 
that  of  our  "  fixed  needle  "  dial.     It  carries  a  telescope. 

XX.— COST  OF  PRODUCTION  AND  PRICES. 

The  cost  of  production  is  high,  averaging  6s.  per  ton.  This  must 
be  due  not  only  to  the  great  difficulties  encountered  in  working  but  also 
to  a  want  of  competition. 

VOL.  XXVIII.-1878.  -E, 
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The  Prices  per  Ton  at  the  Pit  MouTn  were  in  March,  1874,  at — 

t,    .  Second  Third 

Colliery.                                                                    tfest.  Quality.  Quality. 

s.      d,  s.      d.  s.      d. 

Gerhard          22    0  18    4  9    2 

v.cLHeydt 21    4  17    2  9    2 

Reden 21    4  17    4  9    6 

Dudweiler 

Heinitz 

Sulzbach 

Altenwald 

Konig 

XXI.— COKE. 

Although  the  coal  is  not  particularly  suitable  for  coking,  the  production 
of  coke  has  lately  much  increased.  Coking  was  first  introduced  in  1820, 
but  has  been  carried  oh  on  a  larger  scale  only  since  1842. 

The  production  was  in — 

Tons. 
1869   324,610 


1870 
1871 
1872 
1873 


231,905 
249,926 
364,126 
401,748 


The  half  of  this  quantity  is  consumed  in  the  coal-field  itself  at  ironworks, 
etc. 

The  coke-ovens  are  rectangular ;  coal  is  introduced  from  above ;  and 
the  coke  forced  out  by  rams.  The  coal  has  to  be  washed  before  it  is  fit 
for  coking. 

The  coal-washing  machine  most  in  use  is  that  of  Siever  and  Co.  The 
coal  is  first  screened  (geratted),  after  which  it  is  broken  up  (gewaltzt), 
and  then  passed  through  sieves  of  4,  13,  and  17  millimetres  in  diameter. 
Each  portion  is  then  washed  separately;  afterwards  reunited,  dried,  and 
ground  up  (gemahlen)  again ;  after  which  it  is  ready  for  the  ovens. 

The  result  of  experiments  at  Dudweiler  gives  a  percentage  of  coke  of 
from  65  to  GG. 

XXIL— IRONWORKS. 
There  are  thirteen  ironworks,  partly  in  Prussia  and  partly  in  Bavaria, 
which  produce  about  100,000  tons  of  pig  iron  per  annum.  The  ores 
worked  are: — Clay-ironstone,  or  sphiirosiderite,  which  occurs  in  about  a 
hundred  different  seams;  then  minette  from  Luxemburg  and  Lorraine, 
and  hasmatite  from  the  Lahn. 

XXIIL— CONSUMPTION  OF  COAL  IN  THE  COAL-FIELD  ITSELF. 

The  home  consumption  is  less  in  the  Saarbriicken  coal-field  than  in  any 
other  coal-field  in  Germany. 
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The  home  consumption  in  1871  was  in  the — 

Per  Cent. 

Saarbriicken  coal-field        ...         ...         ...         ...         ...        ...      27'4 

Wcstphalian 326 

Waldenburg...        ...        ...         ...         ...        ...         ...        ...       33'5 

Upper  Silesia  ...         ...         ...         ...         ...         ...         ...       52"6 

Aix-la-Chapelle        ...         ...         ...         ...         ...        639  of  total  production 

The  home  consumption  at  Saarbriicken  was  in — 

Tons. 

1860    431,634 

1862    467,892 

1865    574,138 

1871   767,854 

XXIV.— LIMITS  OF  EXPORTATION. 

The  Moselle  and  the  Maine  form  the  northern  limit,  beyond  these 
rivers  the  Westphalian  coal  predominates.  To  the  east,  Schweinfnrt, 
Niirenberg,  and  Munich,  are  the  extreme  points  to  which  Saarbriicken 
coal  reaches.  At  these  points  it  has  to  compete  with  coal  from  Zwickau, 
Pilsen,  Miesbach,  and  brown  coal  from  Bohemia. 

The  southern  limit  extends  very  far  owing  to  absence  of  coal  in  the 
Alps,  in  the  southern  part  of  Germany,  and  in  the  adjoining  parts  of 
France. 

The  greater  part  of  the  coal  consumed  by  the  Brenner  railway,  in  1871, 
was  from  Saarbriicken ;  so,  also,  the  coal  consumed  in  the  Vorarlberg,  at 
Chur,  Glarus,  Locle,  Lausanne,  and  Geneva.  There  is  no  doubt  that  on 
completion  of  the  St.  Gothard  railway,  the  Saarbriicken  coal  will  find  its 
way  into  upper  Italy. 

XXV.— AIR  COMPRESSORS. 

Though  much  has  already  appeared  about  these  compressors  in  English 
papers,  a  passing  notice  cannot  be  withheld  here.  They  are  constructed 
on  the  principle  adopted  by  Sommeiller,  at  the  Mont  Cenis  tunnel,  but 
with  improvements  of  detail;  and  supply  engines  underground  with  com- 
pressed air. 

The  principle  consists  in  preventing  the  heating  of  the  air  and  avoiding 
a  clearance  space,  by  interposing  a  column  of  water  between  the  piston 
and  the  air  to  be  compressed.  There  are  two  or  more  of  the  compressors 
at  nearly  every  colliery;  they  give  good  results. 

XXVI.— SHAFTS. 
The  following  Tables,  and  Plates  XL,  XII.,  XIIL,  and  XIV.,  give 
a  comprehensive  view  of  all  matters  relative  to  the  construction  of  the  pit 
shafts  of  Saarbriicken.     The  shafts  are  enumerated,  and  whatever  infor- 
mation could  be  obtained  about  them  is  appended  : — 
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TOTAL  THICKNESS  OF  STRATA  IN  THE  UPPER  GROUP— WEST. 

SECTION  1. 


Kronprinz 
Colliery. 


hostenbach 
Colliery. 


Geislaftern 
Colliery. 


I 


Names  of  Seams  and  Nature  of 
Intervening  Strata. 

Coal — Schwalbach  Seam 

Sandstone  and  shale 
Coal — Knansholz  Seam 

Sandstone  and  shale 
Coal — Seam  No.  1      

Sandstone  and  shale 
Coal — Seam  No.  2 

Shale,  sandstone,  and  conglomerate 
Coal — Otto  Seam 

Shale  and  sandstone 
Coal — Emil  Seam 

Shale  and  a  bed  of  conglomerate 
Coal — Seam  No.  1  (Alvensleben,  Pnlvcrraueh) 

Shale         

Coal — Seam  No.  2 

Nature  unknown .. . 
Cjal — Seam  No.  3      

Shale  and  sandstone 
Coal — Bnlow  Seam,  No.  4    ... 

Shale  and  sandstone 
Coal — Seam  No.  5 

Shale  and  sandstone 
Coal — Schuckmann  Seam,  No.  6 


Total 


Seams 
Band 

Coal 


Band. 
Ft.  In. 

Fins. 

Ft.  In. 

1  3  . 

.    1 

3  4 

.  171 

4  0 

1  3  . 

.   1 

3  4 

.  115 

0  0 

2  7  . 

1 

0  5 

.  45 

4  0 

9  . 

3  4 

.  20 

4  0 

6  . 

2  4 

.   4 

3  5 
1  9 

.  22 

5  1 

8  . 

4  10 

1 

0  11 

3  4  . 

1 

1  3 

.  51 

3  0 

10  . 

3  11 

.  11 

2  6 

2  1  . 

1 

1  0 

.   4 

3  6 

2  . 

2  5 

.   6 

5  2 

1  7  . 

4  6 

2  3  0. 

.  466 

2  0 

.  10 

2  5 

2 

3  0 

7 

5  5 

TOTAL  THICKNESS  OF  STRATA  IN  THE  UPPER  GROUP— EAST. 
SECTION  2. 


section  Names  of  Seams  and  Nature  of 

at  *  Intervening  Strata. 

fCOAL       

Shale  and  sandstone 

|  Coal     

Shale  and  sandstone 

Reden         J  Coal     

Colliery.  Shale  and  sandstone 

Coal      

Shale  and  sandstone 

Coal — 54  in.  Seam 

Shale  and  sandstone 


Carried  forward 


Band. 
Ft.  In. 

Fms. 

Ft.  In. 
2  2 

..  36 

3  8 
2  2 

8 

0  1 

1  9 

9 

0  11 

1 

1  10 

..  22 

5  4 

2  4 

1 

0  11 

..   9 

0  1 

2  4 

89 

0  11 

'I  HE    BAAE15RU0KEK    COAL-FIKLD. 


TOTAL  THICKNESS  OF  STRATA  IX  THE  CTPPEB  GROUP 

SECTION  2. 

Section  Names  of  Seams  and  Nattkk  of 

at  Intervening  Strata. 

Brought  forward 

Coal — Upper  portion  of  Heiligemvald  Seam 

Shale  

Coal — Lower  portion  of  Heiligenwald  Seam 

Thick  bed  of  conglomerate 

Coal — Alexander  Seam  III 

Shale  

Coal — Alexander  Seam  II.    ... 

Shale         

Coal — Alexander  Seam  I. 

Shale  

Coal — Alexander  Main  Seam 

Shale 
Coal — Grubenwald  Seam 

Shale  

Coal     

Shale 
Coal     

Shale         

Coal — Alexander  Seam 

Shale  and  sandstone 
Coal — Sophie  Seam    ... 

Shale  

Coal — Jacob  Seam     ... 

Shale  

Coal  (very  inferior  at  Reden)  

Shale  

Coal     

Shale         

Coal — Leopold  Seam  ... 

Shale  and  sandstone 
Coal     

Shale         

Coal     

Shale         

Coal     

Sandstone  and  shale 
Coal — 36  in.  Seam      

Sandstone  and  shale 
Coal     

Sandstone,  shale,  and  a  bed  of  conglo- 
merate 
Coal — 35  in.  Seam      

Sandstone,  shale,  and  a  bed  of  conglo- 
merate 


Reden 
Colliery. 


L 


VOI  .  XXVIII.— 18-s 


-EA8T.- 

—Continued. 

Band. 

1    |       In 

Fins.  Ft.  In. 

2    4 

...     89    0  11 

1     0 

5    9 

1    0  10 

2     2 

15     5 

..     22     5     4 

1     4 

5     8 

...       1     0  10 

9 

5    6 

1     0  10 

3     0 

1     0  10 

1    0 

..138 

2     19 

10 

1     0  10 

..436 

18 

..       8     0     1 

16 

..       1     0  10 

3 

5  11 

..     17     1     0 

3 

12    7 

1    0  10 

1     9     . 

10    0 

..       1     0  10 

3     2     . 

..235 

3     5 

19 

10    0 

2     . 

3     3 

..       6     5     2 

1  10     . 

3     6 

..       2     19 

5     . 

2    7 

.       1     0  10 

2     . 

1  11 

..       8     0     1 

1    2     . 

4     3 

.       8    0    1 

2     .. 

1     4 

.     14     5     3 

1  10     . 

4  10 

.     16    0     1 

Carried  forward     3     2     7 


229     1 


f>8 


THE    SAARBRUCKEK    COAL-FIELD. 


TOTAL  THICKNESS  OF  STRATA  IN  THE  UPPER  GROUP— EAST.— Continued. 

SECTION  2. 


Section 
at 


Reden 
Colliery. 


In  Ziehwald 
Drift  and 
Neighbour- 
hood. 


Names  of  Seams  and  Nature  of 
Intervening  Strata. 


Band. 
Fs.  Ft.  In. 


Coal     

Shale         

Coal — 37  in.  Seam     ... 

Shale 
Coal     

Large  fault  in  conglomerate 
Coal     

Shale  and  sandstone 
Coal     

Shale  and  sandstone 
Coal — Kallenherg  Seam 

Sandstone  and  conglomerate 
Coal      

Shale  and  sandstone 
Coal — Seam  No.  9 

Shale  and  sandstone 
Coal — Seam  No.  8      

Shale  and  sandstone 


Brought  forward     3     2     7 
4 


("Coal — Seam  No.  7 

Shale  and  sandstone 
Coal — SeamXo.fi 

Sandstone,  shale,  and  conglomerate 
Coal — Seam  No.  5 

Sandstone  and  shale 
Coal — Seam  No.  4 

Sandstone,  conglomerate,  and  shale 
Coal — Seam  No.  3 
<{  Sandstone  and  shale 

Coal— Seam  No.  2      

Sandstone  and  shale 
Coal — Seam  No.  1 

Shale  and  sandstone 
Coal  at  Neunkirchen 

Shale  and  sandstone 
Coal  at  Neunkirchen 

Shale  and  sandstone 
^  Coal  at  Neunkirchen 


Total 


Seams 
Band 

Coal 


1 

2    8 

2    7 

1     0 

9 

4 

1    0 

6 


5 
1  6 
1    0 

1     0 


11 
6 


5     5     2 


Fms.  Ft.  In. 


229 

11 

2 
1 
17 
1 
2 

22 

1 

34 

11 


11 


12 

10 

22 
1 

20 


5 

0 
8 
3 

9 
9 
0 
1  11 
1  9 
4  8 
5 
3 


2 
2 

4 
0  11 
4  0 
2     8 


2  11 

5     4    4 

5  11 

24    0    2 

2  11 
8    0    0 

3  0 
11     2     8 


2  10 
5     4 


487 

4 

0 

35 

5 

2 

5 

fi 
2 

29 

:s 

4 
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TOTAL  THICKNESS  OF  STRATA  IN  THE  UPPER  MIDDLE  GROUP 
WEST.— SECTION  3. 


Suction 

AT 

Names  ok  Nkamh   \sv  Nature  ok 
Intervening  strata. 

"  Coal— 40  in.  Seam     

I'.A.NU. 

it.  In. 

Fins. 

Ft.  In. 
3     5 

Sandstone  and  shale 

..     45 

4    7 

Coal — 23  in.  Seam     ... 

1  11 

Sandstone  and  shale 

<; 

5     2 

Gerhard      . 
Colliery. 

Coal — Heinrich  Seam 

Sandstone  and  shale 
Coal — Carl  Seam 

3     0 

l 

3 

0     5 

2  7 

3  1 

Shale  and  Conglomerate  ... 

..     13 

4     5 

Coal — Traugott  Seam 

2  11 

1 

1    7 

Shale,  conglomerate,  and  sandstone 

3 

2    7 

^  Coal— Marie  Seam 

1     0 

5     3 

Sandstone  and  conglomerate 

6 

5     3 

Coal     

1     9 

Sandstone  and  conglomerate 

3 

2    7 

Von  der 

Hetdt 
Colliert. 

Coal     

Sandstone  and  conglomerate 
Coal     

Sandstone  and  conglomerate 

8 

..     14 

..     16 

2  9 
5  3 
1     9 

0     1 

Coal — Beust  Seam 

2     9 

2 

0     3 

Sandstone,  conglomerate,  and  shale 

..     28 

3    7 

Coal — Constanze  Seam 

Total          

Seams 

3 

3    0 

1    4    7 

..  151 

1     3 

..       8 

1     2 

Band 
Coal 

..       1 

4    7 

..       6 

J    7 

TOTAL  THICKNESS  OF  STRATA  IN  THE  LOWER  MIDDLE  GROUP- 
WEST.— SECTION  4. 


Section 


In  Saar 
Drift. 


Names  of  Seams  and  Nature  ok 
Intervening  Strata. 

Coal — Upper  Hardenberg  Seam 

Shale 
Coal — Lower  Hardenberg  Seam 

Shale  

Coal — Charlotte  Seam 

Sandstone,  containing  pyrites 


Band. 
Ft.  In. 

(i 

Fros. 

Ft.  In. 
3     5 
2     1 

1     6 

1 

1  10 

..       4 

3     6 

8 

4     6 

..     17 

1     0 

Carried  forward 


24     4     4 


GO 


THE   SAARBRUCKEN    COAL-FIELD. 


TOTAL  THICKNESS  OF  STRATA  IN  THE  LOWER  MIDDLE  GROUP- 
EAST.— Continued.— SECTION  4. 


Section 


jAEGEiiS- 
FREVjDE 

Colliery. 


Names  of  Seams  and  Nature  of 
Intervening  Strata. 


Brought  forward 


f  Coal 


Coal — Seam  No.  3      

Shale         

Coal     

Sandstone ... 
Coal — Seam  No  4      

Sandstone  juid  shale 
Coal 

Sandstone  and  shale 
Coal     

Sandstone  and  shale        ...  

Coal     

Sandstone  and  shale 
Coal     

Sandstone  and  shale 
Coal     

Sandstone  and  shale 
Coal     

Sandstone ... 
Coal     

Sandstone  and  shale 
Coal — Seam  No.  5      

Sandstone  and  shale 
Coal     

Sandstone  and  shale 
Coal — Seam  No.  6 

Sandstone  and  shale,  enclosing  a  bed  of 
conglomerate 
Coal     

Sandstone  and  shale,  enclosing  two  beds 
of  conglomerate  ... 
Coal — Seam  No.  2  of  Altenwald      

Sandstone  and  shale,  enclosing  a  bed  of 
conglomerate 
{  Coal  (in  Saar  Drift) — Seam  No.  1  of  Altenwald  4 

Total  1     5  10 

Seams 
Band 

Coal  


Band. 

Ft.  In. 

Fms.  Ft.  In. 

2  8  . 

.   24 

4  4 

2  2  . 

1 

0  0 

3 

2  7 
2  3 

1 

0  10 
2  2 

6 

5  2 

6  . 

3  9 

..  10 

1  10 

2  4 

..  20 

3  7 

3 

3  5 

..  19 

2  9 

1  0 

3  1 

9 

0  11 

3 

2  4 

6 

5  2 

1 

2  1 

6 

5  2 
2  1 

..  10 

1  10 

1  8 

4  5 

..   3 

2  7 

2  4 

...   1 

0  7 

5 

4  4 

6 

2  3 

...   5 

4  4 

1 

2  9 

...  91 

3  4 
3  9 

...  57 

1  4 

2  10 

...  91 

3  4 

384 

0  2 

11 
1 

4  6 

5  10 

9 

4  8 
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TOTAL  THICKNESS  OF  STRATA   IN  THE  L 

SECTION  5. 


OWER  GROUP— EA8T. 


Section 


Heinitz 
Colliery. 


Names  op  Seams  and  Nature  of 
Intervening  Strata. 

fCoAL      

Shale,  sandstone,  and  conglomerate 

Coal     

Shale         

Coal 

Shale         

Coal     

Shale 

Coal     

Sandstone  and  conglomerate 
Coal — Stohlberg  Seam 
Shale 

Coal— Thiele  Seam 

Shale 
Coal — August  Seam  ... 

Shale         

Coal — Borstel  Seam  ... 

Conglomerate,  sandstone,  and  shale 
Coal — Waldemar  Seam 

Shale  

Coal     

Shale 
Coal — Wrangel  Seam 

Conglomerate,  sandstone,  and  shale 

Coal     

Shale 

Coal     

Shale  and  sandstone 

Coal — Nostitz  Seam 

Shalt' and  sandstone         

Coal     

Shale  and  sandstone 
Coal — Grollman  Seam 

Shale 
Coal — Gneisenau  Seam 
Shale  and  sandstone 
Coal — Upper  Thielemann  Seam 

Shale  and  sandstone 
Coal — Lower  Thielemann  Seam 

Shale  and  sandstone 
Coal — Braun  Seam     ... 

Shale,  sandstone,  and  conglomerate 

Carried  forwart 


Band 

Ft.  In. 

1     0 

1 
1 

2 
7 

1  2 

2  11 

2 

1 

1     1 


11 


1     1 

1 


1     3 
1     1 


Fms.  Ft.  lu. 

2  11 

27     2  11 

1  10 

6     5     3 

1     7 

1     0  10 

1  10 
10     1  10 

2  4 

5  0  11 

3  10 

3  5 
1     0  10 

1  0  10 

4  10 

2  19 

4  8 

6  5  3 
10  8 
1     0  10 

1     9 

3  2    7 

5  0 
6    5     3 

1    8 

1     0  10 

3    4 


3  2 
3 

4  3 
1 

4    3 

3  8 
1  0  10 
1  1  8 
3     2     7 

3  2 
3     2     7 


3     2 

7 

3 

S 

10     2 

0 

121      I      1 
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THE   8AAEBBUCKEN  COAL-FIELD. 


TOTAL  THICKNESS  OP  STRATA  IN  THE  LOWER  GROUP- 
Continued.— SECTION  5. 


-EAST. 


Section 
at 

Names  of  Seams  and  Nature  op 
Intervening  Strata. 

Band. 
Fs.  Ft.  In. 

Fms. 

Ft.  In. 

Brought  forward 

2     0     0.. 

.   121 

1     1 

'  Coal — Clay  Seam,  clay  1  ft.  4  in.     ... 

3     1     . 

1 

1   11 

Shale 

1 

o  io' 

Coal — Bonin  Seam     

2     2 

Shale         

2 

1     9 

Coal — Aster  Seam 

11     . 

1 

0    8 

Shale 

.       2 

1    9 

Coal — Rauch  Seam    ... 

1     0     . 

5    0 

Shale  and  sandstone 

9 

1     0 

Coal — Blucher  Seam  ... 

9     . 

1 

3    7 

Shale 

1 

0  10 

Coal     

1  10 

Shale  and  sandstone 

3 

2    7 

Coal — Tauenzien  Seam 

7     . 

4    4 

Shale 

1 

0  10 

Coal     

1    7 

Shale  and  sandstone 

.     14 

5    4 

Coal — Scharnhorst  Seam 

5     . 

5     1 

Heinitz 

Shale  and  conglomerate  . . . 

.     13 

4    5 

Colliery. 

Coal     

Sandstone  and  shale 
Coal     

1     2     . 

2 

3    5 
1    9 
1    9 

Sandstone  and  shale 

32 

0    4 

Coal     

1     6     . 

4    6 

Sandstone  and  shale 

.     18 

2    0 

Coal     

2    0 

Sandstone  and  shale 

.     12 

3    7 

Coal     

1     5 

Vampyre  Dyke     ... 

.     18 

2    0 

Coal     

1     7 

Shale 

1 

0  10 

Coal — 33  in.  Seam      

1     1     . 

3    7 

Shale 

2 

1     9 

Coal     

1    0     . 

3    3 

Sandstone  and  conglomerate 

.     35 

3    0 

Coal     

6     . 

2    2 

Shale  and  sandstone 

.     11 

2    8 

^  Coal — 36  in.  Seam 

Total 

3     . 

3     4 

10     3. 

..  316 

1     6 

Seams 

.     24 

1    7 

Band 
Coal 

.       4 

0    3 

.     20 

1    4 

TIIK    SAAI 


H'MA    COAL-FIELD. 
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TOTAL  THICKNESS  OF  STRATA   IN  THE  LOWER  GROUP.— WEST. 

SECTION  G. 


Section 
at 

Names  OP  Shams  ani>  NATURE  or 

INTERVENING   STRATA. 

Band. 
Ft.  In. 

Fms. 

Ft.  In. 

r  Coal — Scam  No.  1     

6 

3     0 

Shale          

2 

1     9 

Coal — Seam  No.  2      

4 

2     3 

Shale         

..       5 

4    4 

Coal— Seam  No.  3      

5 

5     1 

Conglomerate 

9 

1     0 

Coal — Seam  No.  4      ...         ...         

8 

4     6 

Sandstone,    including    12  ft.  of  conglo- 

merate 

..     11 

2     8 

Coal — Seam  No.  5 

2     2 

Sandstone  ... 

..     17 

1     0 

Coal — Boyen  Seam,  No.  6     ... 

2 

9 

1 

4    7 

Shale 

2 

1     9 

Coal — Seam  No.  7      

5 

4    4 

Shale 

..       2 

5    2 

Coal — 24  in.  Seam 

2    3 

Shale          

..       2 

5     2 

Coal — 18  in.  Seam     

1     6 

Shale         

..       5 

4    4 

Coal — Beyer  Seam,  No.  8 

4 

2  11 

DtTDWEILER 
COLLIERY. 

Sandstone,    including    12  ft.  of  conglo- 
merate 

Coal  —Muffling  Seam,  No.  10          

3 

0 

..     24 
..       1 

0     3 
5     5 

Shale 

..       3 

0    7 

COAL—Pfuel  or  Clay  Seam,  No.  11  (Clay  2  ft. 

7  in.)          

2 

9 

1 

1     9 

Sandstone,    including    34  ft.  of  conglo- 

merate 

..     20 

3     8 

Coal — Bliicher  Seam,  No.  13           

2 

0  10 

Sandstone  and  shale 

5 

4    4 

Coal — Seam  No.  14 

2 

4    7 

Sandstone  and  shale 

..     29 

4    7 

Coal — Kleist-Nollendorf  Seam,  No.  15 

2    2 

Sandstone  and  shale 

...       6 

5    3 

Coal — Dennewitz  Seam,  No.  16 

4     1 

Sandstone  and  shale 

...       8 

0     1 

Coal — York  Seam,  No.  17 

2 

1 

1 

0     5 

Sandstone  and  shale 

..      32 

0     4 

Coal — 27  in.  Seam     ... 

2     4 

Sandstone  and  shale 

..       5 

4    4 

Coal — Natzmer  Seam 

1 

0 

2     9 

Sandstone  and  shale 

..       8 
218 

0     1 

Carried  forward 

•?     •> 

5 

o     7 

1 1-1 


DISCUSSION — THE    SAARBRUCKEE    COAL-FIELD. 


DrCWEILER 
COLLIERY. 


TOTAL  THICKNESS  OF  STRATA  IN  THE  LOWER  GROUP- 
CoNTnniBD.— SECTION  6. 

ction  Names  of  Seams  and  Nature  of 

at  Intervening  Strata. 

Brought  forward 
'  Coal — 24  in.  Seam 

Sandstone  and  shale 
Coal — Horn  Seam,  No.  18    ... 

Sandstone  and  shale 
Coal — Jagow  Seam,  No.  19 

Sandstone  and  shale 
Coal 

Sandstone  and  shale 
Coal — Humboldt  Seam,  No.  20        

Sandstone  and  shale 
Coal — Carlowitz  Seam 

Sandstone  and  shale 
Coal     

Sandstone  and  shale 

Coal — Seam  No.  17    ... 

Shale 
Coal —Seam  No.  15   ... 

Shale         

Coal — Seam  No.  13 

Conglomerate  and  sandstone 
Coal — Seam  No.  10 

Sandstone  and  shale,  and  a  bed  of  mela- 

phyre  41ft.  thick  

Coal — Seam  No.  3 


AVE  ST. 


St.  Lvgbert 
Colliery. 

(The   Roth- 
holler  Seams) 


Total 


Seams 
Band 

Coal 


Band. 

Fs.  Ft.  In. 

Fms. 

Ft.  111. 

2  2  5. 

.  218 

5  7 
2  1 

.   8 

0  1 

2  7 

5 

4  4 

5  . 

2  9 

.  24 

0  3 

4  . 

2  2 

9 

1  0 

6  . 

3  5 

.  20 

3  8 

11  . 

4  2 

.  33 

1  3 

1  . 

2  0 

.  57 

1  6 

2  0  . 

5  11 

1 

0  10 

11  . 

3  3 
5  2 

3  5  . 

1 

0  0 

.  26 

2  0 

1  8  . 

5  7 

.  51 

3  2 
2  0 

4  0  8. 

.  63 

4  9 

.  22 

2  10 

4 

0  8 

.  IS 

2  2 

A  vote  of  thanks  to  Mr.  Sawyer  for  his  interesting  paper  was  carried 
by  acclamation,  and 

The  President  said,  it  would  perhaps  be  convenient  if  any  gentleman 
had  any  observations  to  make,  or  questions  to  ask,  to  do  so  now,  as  Mr. 
Sawyer  did  not  reside  in  the  neighbourhood  of  Newcastle,  although  the 
discussion  would  be  resumed  at  a  future  time. 

Mr.  Sawyer — In  answer  to  Mr.  Lebour,  stated  that  the  Griesborn 
beds  were  in  the  topmost  region  of  the  Saarbruckei)  division  of  the  n 'Hi- 
measures  proper,  and  it  did  not  include  those  in  the  Ottweiler  division. 
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Mr.  Leboue  said,  lie  had  asked  the  question  because  it  seemed  fco  him 
that  these  Griesborn  beds  formed  the.  most  distinguishable  horizon  in  the 
whole  of  the  Saarbrucken  coal-field,  so  far  as  the  coal-measures  were  con- 
cerned, and  allowed  a  line  of  division  to  be  taken  between  the  Lower  and 
Upper  Saarbrucken  measures  far  clearer  than  such  lines  usually  were. 
The  Ottweiler  series  was  not  a  very  distinct  one  skatigraphically,  although 
palasontologically  it  was  perhaps  a  good  one.     Assuming-  these  Griesborn 
beds  to  be  the  top  division   of  tho  coal-measures,  they  afforded  a  means 
of  correlating  the  age  of  the  Saarbrucken  coal-field  with  that  of  the  coal- 
fields of  France  on  the  one  hand,  and  those  of  Bohemia  on  the  other. 
From  the  best  evidence  at  his  disposal  it  would  appear  that  the  Griesborn 
beds  were  well  represented  by  the  Shadowitz  deposits  in  Bohemia,  and  by 
the  St.  Etienne  and  other  southern  French  coal  deposits;  whereas  the  lower 
parts  of  the  Saar  coal-measures  below  the  Griesborn  beds  were  the  represen- 
tatives of  the  English  coal-measures  and  of  those  of  Belgium,  Northern 
France,  and  of  the  Lower  coal-measures  of  Bohemia.  There  was  nothing  left 
of  the  true  coal-measures  to  correspond  with  the  Ottweiler  beds,  so  far  as  he 
knew,  either  in  Bohemia  or  in  any  of  the  French  or  Belgian  coal  districts. 
Now,  as  Mr.  Sawyer  had  clearly  explained,  there  was  on  the   Saar   a 
perfect  succession  from  the  coal-measures  to  the  Permian,  and  the  passage 
from  one  to  the  other  was  so  imperceptible  that  it  was  difficult  to  draw 
any  line  between  them.     He  (Mr.  Lebour)  thought  it  might  some  day  be 
shown  that  the  Ottweiler  division  was  really  what  was  called  the  Permo- 
Carboniferous  in  North  America,  and  in  other  countries  where  there  was 
no  unconformity  between  the  Permian  and  the  coal-measures ;  and  if  he 
might  throw  out  the  merest  suggestion,  he  would  say  that  probably  the 
nearest  approach  in  England  to  the  Ottweiler  beds  was  the  uppermost  coal- 
measures  in  that  part  of  Staffordshire  where  the  unconformity  of  the  Per- 
mian was  the  least  marked,  and  where  it  might  turn  out  that  there  was 
no  unconformity  at  all.     He  had  been  extremely  pleased  to  see  what  a 
thoroughly  geological  paper  Mr.  Sawyer  had  produced,  especially  as  he 
(Mr.  Lebour)  had  thought  from  the  title  of  the  paper  that  it  would  treat 
chiefly  of  mining  proper. 

The  President  asked  Mr.  Sawyer  whether  there  were  any  limestones 
in  these  upper  coal-measures? 

Mr.  Sawyer— There  are  a  few  very  thin  beds  of  limited  area  amongst 
the  Ottweiler  rocks.  Amongst  the  Saarbrucken  rocks  there  is  a  bed  of 
calcspar  and  dolomite  at  Jagersfreude,  one  to  two  inches  thick;  it  is  limited 
in  area,  and  lies  immediately  above  a  bed  of  hematite.  There  are  also  two 
or  three  beds  of  limestone,  of  from  ten  to  twelve  inches  in  thickness, 
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lying  close  together  at  Gm'chenbach.  They  have  a  dolomitic  and  con- 
cretionary character,  and  are  impure ;  their  area  is  also  limited. 

The  President  asked  if  they  were  freshwater  or  marine  limestones? 

Mr.  Sawyer  said  they  were  freshwater.  In  the  Ottweiler  limestones, 
the  bivalve  crustacean  Estheria,  as  well  as  Anthracosia  and  fish  remains, 
have  been  found. 

The  President  asked  if  that  would  imply  any  connection  between 
these  beds  and  the  upper  Lancashire  beds? 

Mr.  Sawyer — Yes,  in  so  far  as  presence  of  non-marine  limestone  is 
concerned.  The  limestone  beds  of  Ardwick,  near  Manchester,  are,  how- 
ever, very  much  thicker  and  more  important  than  those  of  Saarbriicken. 

The  President — And  the  same  as  those  south  of  Shrewsbury  and  at 
Nuneaton,  &c? 

Mr.  Sawyer — Most  probably,  for  the  same  reason. 

The  President — Yes,  he  should  think  it  very  likely  indeed.  There 
was  another  question  he  would  like  to  ask  with  respect  to  what  Mr.  Sawyer 
had  said  about  the  faults  not  going  through  the  red  sandstone,  or  not 
through  the  Permian:  was  that  universally  the  case,  or  were  there  any 
exceptions  to  it  ? 

Mr.  Sawyer  said,  he  did  not  think  there  was  a  single  exception, 
although  it  was  stated  that  there  was. 

The  President  said,  he  did  not  understand  when  the  paper  was 
read,  whether  Mr.  Sawyer  meant  that  the  faults  did  or  did  not  go  through 
the  Permian. 

Mr.  Sawyer — Through  the  Permian  but  not  through  the  Trias. 

Mr.  Lebotjr  said,  there  was  no  conformity  between  the  Permian  and 
the  coal-measures.  The  faults  stopped  at  the  Bunter.  Might  he  ask 
what  Mr.  Sawyer  understood  by  melaphyre  ? 

Mr.  Sawyer — An  altered  basalt  or  dolerite.     A  basic  eruptive  rock. 

Mr.  Lebour  asked  if  Mr.  Sawyer  meant  any  special  kind? 

Mr.  Sawyer — No. 

The  President  asked  Mr.  Sawyer  whether  he  had  seen  any  of  the 
limestones  himself  ? 

Mr.  Sawyer  said,  he  had  not  noticed  the  limestone  beds  particularly, 
as  it  was  not  easy  to  get  at  them. 

The  President  said,  if  there  were  any  Spirorbis  Carbonareus  in  these 
limestones  it  would  tend  to  show  the  identity  between  them  and  the  others 
he  had  referred  to. 

Mr.  Lebour  said,  that  was  very  likely  indeed:  they  seemed  to  know 
very  little  about  these  Ottweiler  beds  in  the  district;  they  were  not  mined 
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so  much,  and  not  so  well  exposed  at  the  surface  as  the  lower  and  more 
richly  coal-bearing  beds. 

Mr.  Henry  Hall  said,  the  author  had  made  a  comparison  as  to  acci- 
dents in  England  and  in  Prussia:  he  would  like  to  ask  at  what  depths 
these  coals  were  generally  worked  ? 

Mr.  Sawyer  said,  the  depth  at  which  coal  is  at  present  worked  varies 
from  about  P>00  to  over  1,000  feet.  The  deepest  shafts  are  those  recently 
sunk  in  the  Fisehbach  valley,  which  are  very  nearly  2,000  feet  deep.  Though 
the  average  depth  at  which  the  coal  is  at  present  worked  is  less  than  that 
at  which  it  is  worked  in  most  of  the  English  coal-fields,  yet  the  difficulties 
encountered  in  working,  from  the  great  number  of  faults,  bad  roof,  steep 
inclination  of  seams,  and  especially  from  fires,  are  very  great.  These  fires 
were  due  to  spontaneous  combustion,  and  the  one  he  had  described,  which 
took  place  at  the  outcrop  of  the  Bliicher  seam,  was  caused  by  the  presence 
of  pyrites,  which  occurs  not  in  the  coal  itself  but  in  the  cleat  planes.  The 
men  worked  both  with  safety  lamps  and  also  with  naked  lights,  and  no 
explosions  on  a  large  scale  have  occurred  as  yet,  but  now  and  then 
there  are  small  explosions  where  two  or  three  men  are  killed.  These 
remarks  apply  to  the  Saarbrucken  coal-field  only. 

The  President  asked  if  the  members  were  to  infer  from  the  paper 
that  the  number  of  accidents  which  happened  there  from  other  causes  than 
explosions  were  more  numerous  than  in  England  ? 

Mr.  Sawyer — Yes,  especially  accidents  from  falls  of  stone.  As  will  be 
seen  in  the  tables,  the  number  of  deaths  per  men  employed  is  greater  in  the 
Westphalian  Coal-field  than  at  Saarbrucken ;  the  death-rate  in  Saar- 
brucken is  smaller  than  in  England.  Mr.  Simpson  has  shown  in  one  of 
his  papers  that  the  death-rate  in  the  whole  of  Germany  is  greater  than 
in  England;  but  at  Saarbrucken  alone  it  is  smaller. 

The  President  said,  the  next  business  before  them  was  the  discussion 
of  a  paper  on  the  "  Telephonic  Ventilation  Tell-tale,"  by  Mr.  Henry  Hall. 
He  was  glad  to  see  Mr.  Hall  present;  and  he  would  ask,  in  the  first  place, 
whether  he  (Mr.  Hall)  had  himself  any  further  remarks  to  make  on  the 
paper  ? 

Mr.  Hall  said,  he  had  nothing  to  add  to  the  description  of  the  "  Ven- 
tilation Tell-tale"  given  in  the  paper,  which  was  read  a  few  months 
ago,  excepting  that  since  that  time  the  Tell-tale  had  been  adopted  at  some 
collieries  near  Wigan,  and  had  proved  to  be  perfectly  reliable  and  very 
useful  to  the  managers.  The  makers  now  hoped  to  be  able  to  enter 
into  such  an  arrangement  with  the  Telephone  Company  as  would  enable 
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them  to  offer  it  at  a  very  reasonable  price.     If  any  gentleman  wished 
for  any  explanation  respecting  it  he  would  be  happy  to  give  it. 

The  President  asked  if  the  communication  was  to  the  bottom  of  the 
pit? 

Mr.  Hall  replied  that  the  anemometer  was  fixed  in  one  of  the  main 
air-ways,  and  the  reading  was  taken  at  the  office  on  the  surface. 

The  President  asked  whether  it  was  used  for  any  other  purpose  of 
communication  than  simply  for  indicating  the  state  of  the  number  of  revo- 
lutions of  the  anemometer  ? 

Mr.  Hall  replied  that  it  was  used  simply  for  measuring  the  air.  It 
might  be  used  for  speaking  purposes,  but  it  had  not  yet  been  so  used. 

The  President  asked  the  names  of  the  collieries  where  it  was  being 
used  ? 

Mr.  Hall  replied  that  the  instrument  was  in  use  at  Pemberton,  at 
White  Moss,  and  at  one  of  the  Wigan  Coal  and  Iron  Company's  pits. 

The  President  asked  if  the  Pemberton  Pit  was  not  between  500  and 
600  yards  deep  ? 

Mr.  Hall — Yes,  it  was  a  great  depth,  and  the  wire  was  carried  a  long 
way  along  the  surface  to  the  office. 

Mr.  E.  F.  Boyd  asked  Mr.  Hall  whether  it  was  possible  to  have  more 
than  one  anemometer  fixed  upon  the  Tell-tale,  so  that  all  the  air-ways 
might  be  registered  in  the  office? 

Mr.  Hall  said,  that  only  one  anemometer  could  be  attached  to  a  wire, 
but  one  telephone  would  record  any  number  of  anemometers  through 
separate  wires,  so  that  any  extra  expense  would  be  for  anemometers  and 
wires  and  not  for  telephones.  The  wire  must  come  from  the  instrument 
to  the  office,  or  to  any  other  desired  place. 

The  meeting  then  separated. 
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GENERAL    MEETING,    SATURDAY.    OCTOBER    5th,    1878,    IN    THE 
WOOD    MEMORIAL    HALL. 


G.  C.  GREENWELL,  Esq.,  Pbesident,  in  the  Chaik. 


The  Secretary  read  the  minutes  of  the  last  general  meeting,  the 
minutes  of  the  Council  meeting  of  September  7th,  and  the  minutes  of  the 
Council  meeting  of  September  28th. 

The  following  gentlemen  were  then  elected  : — 

Ordinary  Member— 
Mr.  Henry  Bramall,  M.I.C.E.,  St.  Helen's,  Lancashire. 

Associates — 

Mr.  Nathan  Miller,  Kurhurhalla  Collieries,  East  India  Railway,  Chord  Line, 

Bengal. 
Mr.  W.  S.  Gresley,  Overseale,  Ashhy-de-la-Zouch. 

Students — 

Mr.  Robert  Buckham,  East  Pontop  Colliery,  Lintz  Green. 
Mr.  Edward  F.  Melly,  Nunnery  Colliery  Offices,  Sheffield. 

The  following  were  nominated  for  election  at  the  next  meeting  : — 

Ordinary  Members — 

Mr.  William  Ackroyd,  Jun.,  M.E.,  Morley  Main  Colliery,  Morley,  near  Leeds. 
Mr.  William  Rogers,  M.E.,  King  Street,  Wigan. 

Associate — 
Mr.  J.  Bagnold  Smith,  M.E.,  The  Laurels,  Chesterfield. 

Students — 

Mr.  Henry  Palmer,  Nunnery  Colliery,  Sheffield. 

Mr.  Robert  P.  Spence,  Surveyor,  Backworth  Colliery,  Newcastle-on-Tync. 
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DEATH  OF  MR.  J.  T.  WOODHOUSE. 

The  President  said,  he  felt  sure  that  every  one  would  hear  with 
regret  that  Mr.  John  Thomas  Woodhouse,  an  old  and  respected  member 
of  the  Institute,  had  departed  from  amongst  them,  and  had  been  buried 
yesterday.  Of  no  one  could  it  be  said  more  truly  that  those  who  knew 
him  best  respected  him  most.  He  himself  had  known  Mr.  Woodhouse 
for  more  than  twenty  years.  He  had  met  him  frequently  in  business  in 
different  parts  of  the  country,  and  certainly  could  safely  say  that  a  more 
genial,  upright,  honourable,  and  able  man  could  not  be  found. 


Mr.  Freire-Marreco  then  read  the  following  paper  "  On  a  Recording 
Water  Gauge  for  Pit  purposes." 


UKC0U1HN0    WA'l'Mi:    GAUGE. 
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RECORDING  WATER  GAUGE  FOR  PIT  PURPOSES. 


By  A.  FREIKE-MAKRECO. 


LI 


To  Fan 


Mr.  Freire-Marreco  said,  that  he  had  occasion,  in  the  course  of  some 
experiments  which  he  had  been  lately  making,  in  conjunction  with  other 
gentlemen,  upon  coal  dust,  and  the  results  of  which  he  hoped  would  very 
shortly  be  laid  before  the  Institute,  to  devise  some  gauge  which  should 
indicate,  as  quickly  as  possible,  sudden  and  transitory  variations  of  tension 
— which  should  record,  in  fact,  an  air-push,  if  he  might  so  call  it,  lasting 
only  a  few  seconds ;  and  so  this  instrument  was  constructed  (which  he 
might  just  say,  in  passing,  turned  out  entirely  useless  for  the  purpose  for 
which  it  was   wanted),    which   seemed   sufficiently  n 

near  to  a  "  recording  gauge"  to  be  worth  laying 
before  the  Institute.  He  should  also  say,  in  the  first 
instance,  that  there  was  really  nothing  new  in  the 
principle,  as  Sir  William  Thompson,  if  he  (the 
speaker)  wras  not  mistaken,  had  utilised  recently 
the  same  principle  in  some  of  his  sounding  experi- 
ments. The  instrument  on  the  table  consisted  of  an 
ordinary  U  tube,  but  instead  of  being  charged  with 
water,  it  was  charged  with  a  very  weak  solution  of 
chloride  of  iron,  which  recorded  any  change  made 
in  the  level  of  the  solution  by  changing  the  colour 
of  strips  of  paper  soaked  in  yellow  prussiate  of 
potash  (better  known  to  some  as  ferrocyanide  of 
potassium),  secured  to  strips  of  glass  by  some  gela- 
tinous substance.  He  had  purposely  exhibited,  not 
one  of  the  gauges  such  as  were  now  at  work,  but 
the  original  working  model  which  had  been  standing 
idle  for  something  like  a  couple  of  months,  so  as  to 
show  that  the  maximum  and  minimum  water  line  were  really  fairly  well 
recorded  by  a  distinct  blue  line,  even  alter  that  lapse  of  time.  The 
woodcut  shows  the  arrangement  of  the  tube  CD,  and  the  glass  indices 
AB,  which  latter,  when  the  instrument  is  set,  must  be  pushed  down  till 
they  just  touch  the  liquid  in  both  limbs  of  the  tube,  when  any  change 
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will  be  marked  either  on  the  outer  or  inner  strip  of  glass,  the  marking  on 
the  outer  (C)  strip  showing  the  minimum,  and  that  on  the  inner  (D)  the 
maximum  pressure.  If  there  is  no  mark  on  the  outer  strip,  the  minimum 
pressure  is  that  existing  at  the  time  the  indices  were  set.  Of  course, 
a  very  much  simpler  arrangement  could  be  put  together  when  it  was 
only  wanted  to  show  that  the  minimum  pressure  had  been  kept  up.  As 
to  the  preparation  of  the  indices,  he  did  not  know  that  they  were  yet 
absolutely  perfect ;  but  he  had.  tried  a  good  many  variations  both  as 
to  materials  and  construction,  and  the  thing  which  he  had  settled  on 
at  last  (and  which  they  would  be  exceedingly  glad  to  put  into  the  hands 
of  anybody  who  wished  to  try  it)  was  this:  the  paper  was  prepared 
in  the  first  instance  by  snaking  it  in  yellow  prussiate  and  drying 
it,  preferably  in  a  dark  room  or  drawer  so  as  not  to  expose  it  too  much 
to  the  light,  and  then  sizing  it  down  on  thin  strips  of  glass  with  the 
strongest  solution  of  isinglass  that  could  be  used.  If  used  without  sizing, 
the  line  would  invariably  "creep"  abont  an  eighth  of  an  inch  on 
standing.  Sizing,  so  far  as  he  knew,  was  a  pretty  sure  preventative  of 
that.  He  had  also  tried  a  film  of  gelatine,  which  a  professional  friend  in 
London  was  good  enough  to  prepare,  saturated  with  prussiate,  cut  into 
little  strips,  and  fixed  with  water  on  the  glass.  That  was  a  good  deal 
more  troublesome,  and  did  not  seem  to  much  advantage.  So  far  as 
he  could  see  the  present  form  was  sufficiently  good  for  practical  work,  but 
he  would  be  sorry  to  give  an  opinion  upon  that  subject.  Mr.  May  had 
been  good  enough  to  set  up  this  water  gauge  on  the  large  Guibal  fan  at 
Hilda,  and  Mr.  Steavenson  upon  another.  He  must  apologise  for  not 
being  able  to  give  their  results.  He  had  only  just  returned  to  Xewcastle, 
but  Mr.  Steavenson  was  present,  and  he  hoped  would  be  able  to  tell  them 
whether  the  instrument  worked  satisfactorily.  He  should  be  only  too  glad  if 
any  number  of  members  of  the  Institute  would  give  the  instrument  a 
trial,  and  see  whether  or  no  it  supplied  a  want.  If  so,  he  would  think  he 
had  accomplished  something. 

Mr.  D.  P.  Morisox  said,  he  thought  the  water  gauge  which  had 
been  described  would  be  of  very  great  use,  not  only  for  mechanical 
ventilation,  but  also  for  furnaces,  inasmuch  as  whether  the  slips  were 
put  in  for  a  year,  for  a  week,  or  for  a  month,  if  taken  out  at  the  end  of  that 
time  and  registered,  they  would  show  during  any  particular  period  of  time 
— whatever  might  be  decided  upon — the  lowest  and  the  highest  water 
gauge  which  had  been  obtained  during  the  interval ;  and  in  cases  where 
an  accident  had  occurred  in  the  returns  it  would  be  a  matter  of  very 
great  interest  to  find  from  the  register  if  the  water  gauge  had  sensibly 
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diminished  or  increased  since  it  was  last  set ;  and  it  might  be  hoped  that, 
in  time,  the  instrument  might  be  so  perfected  as  to  register  the  precise 
time  when  the  fluctuations  occurred.  He  thought,  therefore,  that  every 
practical  man  would  thank  Professor  Marreco  very  deeply  for  having  brought 
out  a  thing,  which,  although  at  present,  as  Professor  Marreco  had  said,  was 
in  a  crude  state,  would  evidently  be  so  perfected  as  to  become  a  valuable 
register  of  the  friction  in  the  airways  and  mines.  He  believed  that  it 
could  with  advantage  be  applied  to  Ramsay's  water  gauge;  the  difference 
between  which  and  the  ordinary  water  gauge  was  that  the  aperture  be- 
tween the  two  compartments  in  Ramsay's  was  exceedingly  small,  and  the 
two  limbs  very  large;  and  therefore  the  variation  of  the  level  of  the  fluid 
did  not  oscillate  so  rapidly  as  in  the  common  water  gauge;  and  with 
Ramsay's  water  gauge  he  believed  it  would  prove  a  most  valuable  adjunct 
to  a  register  of  currents  of  air. 

Mr.  Freire-Marreco  said,  there  was  not  the  slightest  difficulty  in 
working  the  instrument  if  a  few  small  details  were  mastered,  and  if  any- 
body, more  especially  students  of  the  Institute,  liked  to  call  at  the 
laboratory,  he  would  be  very  glad  to  offer  any  explanations  necessary,  as 
there  might  be  a  little  trouble  at  first  in  preparing  the  indices. 

The  President  said,  they  were  exceedingly  obliged  to  Professor 
Marreco  for  bringing  that  matter  before  them.  Things  were  new  or 
old  by  comparison.  Professor  Marreco  said  there  was  nothing  new 
in  this,  inasmuch  as  it  was  used  by  Sir  "William  Thompson ;  but  so  far 
as  a  great  many  of  the  members,  and  he  could  speak  for  himself  at 
any  rate,  were  concerned,  it  was  new  to  them,  and  they  were  very  much 
obliged  to  Professor  Marreco  for  bringing  it  before  them. 

Mr.  A.  L.  Steavenson  said,  he  had  been  in  Paris,  and  had  not  had 
time  to  try  the  gauge,  but  he  would  have  it  tried  next  week,  and,  at  the 
discussion,  be  prepared  with  the  results. 


MrT  D.  Pr  Mqrisos  then  read  the  following  paper  :- 
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NOTES  ON  RIGG  AND  MEIKLEJON'S  COAL-CUTTING 
MACHINE. 


By    I).    P.    MORI  SON. 


The  question  of  getting  coal  by  machinery  is  one  of  such  universal  im- 
portance that  the  writer  feels  he  needs  no  apology  for  introducing  a  few 
preliminary  notes  on  the  above  system  and  its  ascertained  duty ;  at  the 
same  time,  however,  he  must  crave  the  indulgence  of  the  members  of  this 
Institute  for  such  a  crude  and  hurried  notice  of  the  apparatus,  a  notice 
which  is  intended  to  pave  the  way  for  details  of  future  experiments,  and 
to  afford  those  interested  in  the  subject  some  idea  of  what  may,  under 
certain  conditions,  be  achieved  by  mechanical  hewing. 

The  machine  (see  Plate  XV.)  is  the  invention  of  Messrs.  Rigg  and 
Meiklejon,  of  Dalkeith,  N.B.,  and  is  on  what  may  be  termed  the  circular 
saw  system.     The  following  is  a  short  description  of  the  apparatus: — 

A  is  the  frame  supported  on  wheels ;  B  B  the  two  air  cylinders 
driving  the  gear  ;  C  C  connecting  rods ;  D  crank  shaft ;  E  bevil  wheel 
geared  into  cutting  wheel  or  disc ;  F  disc  or  cutting  wheel,  to  which  the 
cutters  G  are  attached ;  H  arm  or  bracket  carrying  disc  ;  I  wheels  on 
which  the  machine  is  carried  ;  J  axle  boxes  ;  K  four  screws  by  which 
the  machine  may  be  raised  or  lowered  in  any  direction  to  suit  the  incli- 
nation of  the  bed  or  seam  ;  L  worm  giving  motion  to  propelling  shaft ; 
M  N  N  shafts  bearing  the  progressing  chain  wheels  0  0  by  which  the 
travelling  of  the  machine  along  the  face  is  regulated;  P  propelling  chain; 
Q  rails  on  which  the  machine  advances;  R  sleepers. 

The  main  advantages  claimed  by  the  inventors  are — 

1. — The  machine  is  so  constructed  as  to  hole  or  cut  in  the  face  to  the 
bottom  or  under  side  of  the  sleeper  supporting  the  rails  ;  or, 
in  other  words,  flush  with  the  thill  or  bottom. 

2. — The  height  of  the  machine,  being  under  16  inches,  enables  it  to  be 
employed  in  thin  seams,  which  would  otherwise  be  expensive  to 
work. 

3. — The  arrangement  of  endless  chain  or  rope  fur  dragging  is  improved 
and  simplified. 
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4. — The  arrangement  of  the  four  adjusting  screws  at  each  corner  by 

which  the  cutter  can  be  made  to  work  at  any  suitable  angle. 
5. — The  axle  boxes  are  also  so  adjustable  as  to  allow  of  the  machine 
progressing  when  at  any    angle,  irrespective  of  the  level  of 
the  rails  and  sleepers. 
6. — The  arrangement  for  holding  the  teeth  or  cutters  by  which  any 
number   and   any   shape  can  be  employed  according  to  the 
nature  of  the  material  to  be  operated  upon. 
The  machine  has  now  been  at  work  at  Penston  (one  of  Messrs.  Dean 
and  Moore's  collieries)  for  some  eighteen  months,  and  has  given  great 
satisfaction.     The  following  particulars  of  its  performance  have  been  kindly 
supplied  to  the  writer. 

The  coal,  which  varies  in  thickness  from  22  inches  to  30  inches,  is 
hard  and  similar  in  character  to  the  part  of  the  seam  in  which  the  "  kirving" 
was  done  in  the  latest  experiments,  by  this  and  other  machines,  at 
Elemore,  Hetton.  It  is  worked  on  the  "  long-wall"  system,  the  face  being 
usually  some  200  yards  long.  The  machine  is  supplied  with  compressed 
air  by  two  air  cylinders  16  inches  diameter  and  3  feet  stroke,  varying  in 
pressure  from  35  lbs.  to  45  lbs.  The  labour  entailed  by  the  machine  is 
supplied  by  three  men  and  one  boy,  who  use  naked  lights  (the  usual 
Scotch  lamps),  the  coal  being  holed  in  the  night  shift  of  nine  hours,  and 
filled  during  the  day. 

The  following  is  an  abstract  of  the  work  done  by  the  machine  over  an 
average  of  ten  days  when  fully  employed : — 

STATEMENT  OF  CUTTING  DONE  Bir  MACHINE  IN  MESSRS.  DEAN  AND 
MOORE'S  PIT,  AT  PENSTON,  WEST  OF  HADDINGTON. 


j 

No.  of  Yards  j 

I 

Day 

s  and  Date. 

cut  per  Shift. 

Remajrks. 

July 

22. 

Monday 

150 

„ 

23. 

Tuesday 

Idle. 

Coal  not  lifted  on  previous  day. 

„ 

24. 

Wednesday ... 

150 

„ 

25. 

Thursday     ... 

150 

3> 

26. 

Friday 

150 

„ 

27. 

Saturday 

150 

>» 

29. 

Monday 

150 

„ 

30. 

Tuesday 

Idle. 

Coal  not  lifted  on  previous  day. 

if 

31. 

Wednesday  ... 

150 

Aug. 

1. 

Thursday 

150 

» 

2. 

Friday 

150 

" 

3. 

Saturday 

110 

Small  wheel  broke. 

N.B. — A  shift  cons 

ists  of  nine  1 

lours  on  an  average. 
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This  represents  a  total  of  1,460  yards  cut,  or  146  yards  per  shift  of 
nine  hours— 16^  yards  per  hour— the  kirving  being  on  an  average  three 
feet  two  inches  into  the  coal  and  a  width  or  height  of  bhree  inch's. 

One  of  these  machines  is  now  in  operation  at  Blemore  (one  of  the 
Hetton  collieries),  where  several  other  systems  have  been  previously  tried. 
The  result  of  cutting  per  eight  hours'  shift  compares  rather  unfavourably 
with  the  Penston  performance,  but  per  hour  the  work  done  is  very  credit- 
able. The  reasons  of  the  slow  progress  of  the  machine  may  be  sum- 
marised as — 

1.— The  sleepers  and  rails  having  to  be  blocked  up  in  front  of  the 
machine,  some  8  or  10  inches,  so  as  to  allow  the  machine  to  cut 
in  the  top  coal. 
2.— On  account  of  this  insecure  mode  of  constructing  the  tramway, 
the  liability  of  the  jib  and  disc  to  strike  up  in  the  coal,  and 
then  requiring  to  be  hewn  out. 
3. — The  fact  of  the  men  sent  from  Scotland  being  unaccustomed  to 
the  faint  light  afforded  by  Davy-lamps ;  and  also,  (after  their 
departure)  the  men  kindly  supplied  by  the  Hetton  Company 
being  unused  to  the  machine. 

The  following  is  an  abstract  of  the  work  done  per  shift  from  July  30 
to  September  19: — 


STATEMENT  OF  CUTTING  DONE  AT  ELEMCKE  COLLIERY,  HETTON. 


Date. 

Yards  Cut. 

Time  Cutting. 

Date. 

Yards  Cut. 

Time  Cutting. 

1878. 

Yds.  Ft. 

Hr.  Min. 

1878. 

Yds.    Ft. 

Hr.    Min. 

July    30 

47     0 

1     35 

Sept.    1 

30     0 

1        5 

Aug.     1 

50     0 

2       0 

,,      9 

15     0 

32 

»        7 

10     0 

21 

„    10 

47     0 

1     30 

8 

18    0 

40 

»    11 

13     0 

1       8 

„        9 

32     0 

1     13 

„    17 

13     0 

28 

„      12 

57     0 

1     48 

»    18 

37     0 

1     20 

„      16 

29     0 

59 

„    19 

56     0 

2     15 

»      19 

60     0 

1     44 

„      22 

20     0 

43 

.,      29 

47     0 

1      7 

„      30 

29    0 

1       4 

This  represents  an  average  (excluding  Sept.  11)  of  29  yards  of  coal 
kirved— 3  feet  deep  and  3  inches  wide— in  one  hour. 

If  the  machine  could  be  placed  in  more  favourable  conditions,  the 
amount  of  work  per  hour  claimed  by  the  inventor  (viz.,  sixty  yards) 
would  possibly  be  obtained,  but  even  at  the  comparatively  modest  result 
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of  thirty  yards  per  hour  the  apparatus  will  commend  itself  to  the  atten- 
tion of  the  mining  world. 

The  following  statement  of  prime  cost  and  annual  maintenance  has 
been  submitted  to  the  writer,  and  the  cost,  as  compared  with  hand  labour, 
appears  very  satisfactory  : — 

COST    OF   PLANT   TO    PRODUCE   100   TONS    OF   COAL  PER  SHIFT,  THE 
SEAM  OF  COAL  BEING  2  FEET  THICK  AND  VERY  HARD. 

One  steam  boiler,  with  fittings  complete 

One  air-compressing  engine,  with  steam  engine  combined 

One  air  receiver  ... 

Foundations  and  buildings  in  connection  with  above 

One  machine,  with  rails  and  sleepers  ... 

Steam  and  air  pipes,  with  connections 

Allow  for  incidental  expenses   ... 

£2,000 


COST  PER  ANNUM. 

Interest  on  £2,000  @  5  %         

Depreciation  of  machinery  @  5  % 

Repairs  on  do. 

Stores,  including  steel  for  cutters,  etc. ... 

Coal  for  steam  boiler,  600  tons  @  6s.  per  ton 

Coal  for  smithy   ... 

Fireman   ... 

Blacksmith  for  sharpening  cutters,  etc. 

3  men  attending  machine,  8s.  each  per  day  =  260  days  @  24s. 

1  boy        ...         ...         ...         260  days  @    3s. 


£100 

100 

100 

100 

180 

15 

65 

78 

312 

39 

£1,089 


£1,089  to  produce  26,000  tons  coal  =  about  lOd.  per  ton  for  holing,  hewing, 
and  kirving. 

It  is  the  writer's  intention  to  have  a  tabulated  statement  prepared 
before  the  discussion,  showing  the  economy  to  be  obtained  by  the  use  of 
the  machine,  especially  in  the  hard  steam  coal  districts  of  the  north ;  and 
he  trusts  the  foregoing  particulars  may  suffice  to  enable  some  of  the 
members  to  provide  useful  data  for  comparison. 


The  President  said,  that  it  would  probably  be  advisable  not  to 
express  any  opinion  respecting  the  machine  now,  but  simply  to  make  such 
inquiries  as  would  indicate  to  Mr.  Morison  the  information  that  would  be 
most  appreciated,  and  he  for  one  hoped  that  fuU  information  would  be 
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given  tliem  of  tlic  hardness  mid  nature  of  the  Beams  of  coal  in  which  the 
machine  had  been  worked,  and  if  applicable  to  Irirving  out  black  stone  or 

shale  bands. 

Mr.  Morison  said,  he  would  be  very  glad  if  any  enquiries  of  that 
kind  were  made  to-day,  and  should  be  only  too  happy  to  meet  the  views 
of  the  president  and  members. 

Mr.  Willis  asked  what  was  the  weight  of  the  machine  ? 

Mr.  Morison — Twenty-five  cwts. 

Mr.  T.  LINDSAY  G-ALLOWAY  asked  whether  this  machine  was  capable 
of  cutting  itself  into  the  coal — supposing  it  was  working  long-wall,  and  not 
taking  off  pillars,  and  it  came  to  a  fast  end,  whether  the  jib  could  swing 
round  in  such  a  way  that  the  machine  itself  was  capable  of  winning  out 
its  own  coal,  or  had  the  coal  to  be  won  by  men  ?  Another  question 
whicli  he  would  like  to  ask  was,  whether  there  was  any  difficulty  in 
keeping  the  machine  close  up  to  the  face  ?  In  the  Gartsherrie  machine, 
which  he  had  seen  at  work  at  Auchenraith  Colliery,  there  was  a  very  great 
difficulty  in  that  respect.  They  had  to  put  props  expressly,  along  the  whole 
length  of  the  cut,  and  to  place  sleepers  longitudinally  between  them  and 
the  rails  so  as  to  keep  the  machine  close  up  against  the  face,  otherwise  the 
machine  got  away  from  the  work,  and  caused  a  long  stop.  He  could  only 
say  that  the  results  furnished  to  the  meeting  by  Mr.  Morison,  of  what  the 
machine  achieved  in  actual  practice,  seemed  very  favourable  as  compared  with 
the  results  of  the  Gartsherrie  machine.  That  machine  cut  GO  yards  in  one 
shift,  and  produced  90  tons  of  coal.  The  seam,  however,  was  4^  feet  thick; 
therefore,  they  must  not  take  merely  the  quantity  of  coal  produced  with- 
out considering  that  the  seam  in  the  case  given  by  Mr.  Morison  was  much 
thinner.  There  were  a  few  other  particulars  regarding  this  machine  which 
he  happened  to  have  with  him.  It  had  an  eight-inch  cylinder,  14  inch 
stroke,  was  of  17  horse-power,  and  worked  320  strokes  per  minute,  and 
seemed  to  go  rather  irregularly.  He  could  only  say  it  would  be  a  very 
great  achievement  in  the  application  of  coal-cutting  machinery,  if  such 
a  machine  as  that  winch  had  been  described  by  Mr.  Morison  could  be 
made  to  work  practically,  in  the  way  it  appeared  to  have  clone  hitherto. 

Mr.  Morison  stated,  in  reply  to  Mr.  Galloway,  that  the  machine  had 
a  fixed  jib ;  consequently,  in  order  to  allow  it  to  cut  three  feet  into 
the  coal,  a  holing  would  have  to  be  made  at  the  end  of  the  long-wall 
face,  in  order  to  allow  it  to  start  fair.  It  was  quite  evident  that 
this  must  be  the  case  unless  the  jib  was  moveable.  He  thought,  how- 
ever, that  it  had  been  pretty  well  proved  that  moveable  jibs  were 
insecure,   and  continually  getting  out    of  order,  and    that    the   more 
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solid  and  compact  the  machine  could  be  made  the  better.  When  once 
started  in  the  nick  prepared  for  it,  no  difficulty  had  been  experienced  in 
keeping  the  machine  at  the  proper  distance  from  the  face.  The  mode  of 
progression  was  simply  by  a  chain  passing  oyer  pulleys,  with  teeth  fitting 
into  each  link.  These  pulleys  were  driven  by  means  of  a  worm,  and  the 
speed  could  be  regulated  to  suit  hard  and  soft  coal. 

Mr.  Lawrence  said,  that  after  the  President  had  recommended  that  no 
discussion  should  take  place  till  the  paper  and  drawings  were  in  the  hands 
of  the  members,  he  was  rather  surprised  at  the  remarks  that  had  been 
made  at  the  meeting.  He  (Mr.  L.)  had  been  interested  in  the  working 
of  coal-hewing  machines  during  about  eighteen  or  nineteen  years,  and 
he  was  most  anxious  to  have  before  him  all  the  details  of  the  cutter  Mr. 
Morison  had  been  kind  enough  to  describe.  The  remarks  made  by  Mr. 
Galloway  were  most  appropriate.  They  were  aware  that  in  the  Baird 
machine  the  cutters  were  placed  on  a  chain,  which  might  be  described  as 
the  chain  of  a  dredger  laid  horizontally  instead  of  working  perpendicularly; 
and  the  cutters  of  themselves  going  in  from  an  opening  in  the  long-wall, 
which  had  to  be  cut  in  to  admit  it  the  same  as  with  this  machine.  The 
cutters  have  a  tendency  of  always  drawing  the  machine  on  towards  the 
face  of  the  coal,  and  there  was  also  a  tendency  to  throw  the  machine  off 
the  way.  Messrs.  Baird  and  Co.  got  over  this  difficulty  by  simply  having 
posts  fixed  to  each  end  of  the  long-wall,  whereby  the  machine  would  pull 
itself  along.  These  posts  were  not  fixed  in  the  centre  of  the  way,  but  at 
such  a  distance  from  the  face  of  the  coal  as  to  put  a  strain  on  the  machine 
as  it  progressed,  teuding  to  draw  it  from  the  face,  and  counteract  the  ten- 
dency of  the  cutter  to  pull  it  over  towards  the  face.  He  thought  it  would 
be  quite  unfair  to  Mr.  Morison  to  discuss  the  merits  of  the  machine  at 
present. 

The  President  said,  it  was  the  intention  that  the  discussion  was  not 
to  go  on ;  but  the  fact  was  that  what  had  been  stated  by  Mr.  Galloway 
and  one  or  two  other  gentlemen,  was  simply  in  answer  to  Mr.  Morison's 
request  that  if  there  was  any  information  which  he  could  get  for  the 
benefit  of  the  Institute,  he  would  be  very  happy  to  embody  it  in  the 
application  he  was  about  to  make  to  the  inventors  of  the  machine. 

Mr.  Morison  said  Mr.  Lawrence  must  quite  understand  that  he 
(Mr.  M.)  had  nothing  whatever  to  do  with  the  invention  of  the  machine, 
and  the  only  reason  for  bringing  the  subject  before  the  members  of  the 
Institute  was  in  order  that  they  might  have  an  opportunity  of  considering 
a  subject  which  would  interest  them,  and  on  which  they  might  have  a 
valuable  discussion  ;  and  he  added  that  if  any  gentlemen  connected  with 
the  Institute  would  kindly  drop  him  a  note,  he  would  be  very  glad, 
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having  the  kind  permission  of  the  lletton  Colliery  owners,  to  accompany 
them  over  to  see  the  machine;  and  perhaps  Mr.  Lawrence,  who  wanted 
particularly  to  know  all  the  details  of  it,  would  also  join,  and  act  as 

guide  to  explain  by  his  experience  what  the  machine  would  do. 


The  President  said,  the  next  business  was  the  discussion  of  Mr. 
T.  Lindsay  Galloway's  paper,  "On  the  present  condition  of  Mining  in 
some  of  the  principal  Coal-producing-  Districts  of  the  Continent."  The 
paper  was  so  clearly  written,  and  so  explained  itself,  that  really  there 
did  not  seem  to  be  much  to  discuss.  He  supposed  that  was  the  reas  n 
why  the  members  present  did  not  seem  to  have  anything1  to  say. 

Mr.  Steavenson  thought  that  was  really  the  reason  of  their  nor 
having  a  discussion  upon  it.  He  had  heard  the  paper  spoken  of  more 
than  once  as  being  a  very  excellent  and  complete  one.  It  woidd  be  a 
great  addition  to  their  Transactions,  and  he  thought  it  only  remained  for 
them  to  pass  a  vote  of  thanks  to  the  writer  of  the  paper. 

Mr.  Ramsay  begged  to  second  the  motion,  which  was  unanimously 
carried,  and  the  meeting  then  terminated. 
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Mr.  J.  Bagnold  Smith,  M.E.,  The  Laurels,  Chesterfield. 
Students — 

Mr.  Henry  Palmer,  Nunnery  Colliery,  Sheffield. 

Mr.  Robert  P.  Spence,  Backworth  Colliery,  Newcastle-on-Tyne. 

The  following  gentlemen  were  nominated  for  election  at  the  next 
meeting: — 

Associates — 

Mr.  William  Prichard,  M.E.,  Navigation  and  Deep  Duffryn  Collieries, 

Mountain  Ash,  South  Wales. 
Mr.  John  Thompson,  Underviewer,  Heworth  Colliery,  Co.  of  Durham. 


Mr.  Freire-Marreco  then  read  the  following  paper: — "An  Account 
of  some  recent  Experiments  with  Coal  Dust." 
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ANNUAL  GENERAL  MEETING,  SATURDAY,  NOVEMBER  2,  1878,  IN  THK 

LECTURE  ROOM  OF  THE  COLLEGE  OF  PHYSICAL  SCIENCE, 

NEWCASTLE-UPON-TYNE. 


G.  C.  GREENWELL,  Esq.,  President,  in  the  Chair. 


The  Secretary  road  the  minutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council. 

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Ordinary  Member — 
Mr.  William  Rogers,  M.E.,  King  Street,  Wigan. 

Associate — 
Mr.  J.  Bagnold  Smith,  M.E.,  The  Laurels,  Chesterfield. 

Students — 
Mr.  Henry  Palmer,  Nunnery  Colliery,  Sheffield. 
Mr.  Robert  P.  Spence,  Backworth  Colliery,  Newcastle-on-Tyne. 

The  following  gentlemen  were  nominated  for  election  at  the  next 
meeting: — 

Associates — 

Mr.  William  Prichard,  M.E.,  Navigation  and  Deep  Duffryn  Collieries, 

Mountain  Ash,  South  Wales. 
Mr.  John  Thompson,  Underviewer,  Heworth  Colliery,  Co.  of  Durham. 


Mr.  Freire-Marreco  then  read  the  following  paper: — "An  Account 
of  some  recent  Experiments  with  Coal  Dust." 
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AN  ACCOUNT  OF  SOME  RECENT  EXPERIMENTS  WITH 
COAL  DUST. 


By  A.  FREIRE-MARRECO  and  I).  P.  MORISON. 


This  paper,  although  it  has  been  delayed  longer  than  the  authors 
wished  or  expected,  must  still  be  regarded  only  as  a  preliminary  one, 
because  they  hope  it  will  induce  further  experiments  on  the  part  of  others; 
and  although  the  paper  is  described  as  being  the  joint  production  of  Mr. 
Freire-Marreco  and  Mr.  Morison,  its  authorship  should  not  have  been  so 
restricted,  because,  as  the  details  of  the  experiments  which  have  been 
carried  out  are  gone  into,  it  will  be  seen  that  this  paper  could  not  have 
been  written  without  the  assistance  of  many  others,  whose  names  do  not 
appear  as  authors,  although  they  were  really  so  in  very  large  part. 

It  is  only  comparatively  recently  that  this  subject  has  really  been 
taken  up  in  this  country,  though  attention  had  been  publicly  directed 
to  it  as  a  possible  source  of  pit  accidents,  and  a  good  deal  of  work  had 
been  done  upon  it  by  M.  Vital,  and  others,  in  French  collieries.  It  is 
hardly  necessary  to  go  into  the  details  of  these  experiments,  because  mem- 
bers will  find  them  fully  summarised  in  the  very  long  and  complete  series 
of  articles  which  Mr.  Galloway  has  lately  been  publishing  in  Iron. 

Two  years  ago,  in  March,  187G,  Mr.  Galloway  communicated  to  the 
Royal  Society  the  results  of  a  set  of  experiments,  the  sum  of  which 
appeared  to  be  this  :  that,  taking  a  small  quantity  of  fire-damp  and 
mixing  it  with  air,  in  the  proportion  of  from  1  to  H  per  cent,  of  gas  to  air, 
a  mixture  was  obtained,  which,  as  might  have  been  anticipated,  neither 
exploded  by  itself  nor  showed  upon  the  lamp;  that,  taking  a  mechanical 
mixture  of  coal  dust  and  air,  a  mixture  was  obtained  which  was  perfectly 
inert,  at  any  rate  as  regarded  a  naked  light,  but  that  adding  to  the  already 
gas-contaminated  air  just  alluded  to,  the  same  quantity  of  coal  dust,  a 
mixture  was  produced  which,  even  on  a,  small  scale,  could  be  fired  at  a 
naked  light,  which  would  explode  in  a  testing  apparatus,  and  which  would 
continue  to  burn,  so  long  as  the  supply  of  gas  and  dust  was  kept  up.  with  a 
dull  red  flame.     Pushing  the  experiment  a  little  further,  Mr.  Galloway 
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arrived  at  the  conclusion  that  the  small  percentage  of  coal  gas  of  which 
he  speaks,  and  which,  at  that  time,  was  hardly  to  be  detected  in  practice  by 
any  test,  was  essential  to  the  combustion  of  the  coal-dust ;  or,  to  put  it 
more  plainly,  that  coal  dust  alone,  added  to  an  air  current,  produced  a 
mixture  which  woidd  not  fire  either  at  a  lamp  or  at  the  gases  from  a 
powder  shot. 

That  conclusion  seemed  to  the  authors  to  be  to  a  certain  extent 
doubtful,  at  any  rate  so  far  as  concerns  all  coal  dusts.  It  seemed  just 
possible  that  the  term  "  coal  dust"  was  a  generic  rather  than  a  specific 
word,  and  that  they  might  distinguish  "  coal  dust"  from  "  coal  dust," 
e.g.,  cannel  from  anthracite.  There  was  little  doubt  that  the  particular  dust 
Mr.  Galloway  was  working  with  did  not  satisfy  the  conditions  required 
for  an  explosive  mixture,  but  it  seemed,  to  say  the  least,  possible  that 
other  dusts — say,  north  country  dust — might  do  so ;  and  Mr.  Galloway 
having  announced,  in  the  paper  referred  to,  his  intention  of  not  pushing 
the  inquiry  further  in  that  direction,  the  writers  endeavoured  to  take  it 
up,  at  first  in  a  very  rough  way,  in  the  laboratory  of  the  College.  It  is 
not  necessary  to  go  into  the  particulars  of  these  preliminary  experi- 
ments, in  which  Mr.  Cochrane  was  good  enough  to  assist,  further  than 
to  say  that  building  out  of  the  remnants  of  the  "sound  wave"  apparatus 
and  some  old  wooden  boxes  an  imitation  gallery,  loading  it  with  coal 
dust,  creating  a  current  through  the  apparatus  with  a  model  Guibal  fan, 
and  finally,  firing  a  light  pistol  shot  into  the  atmosphere,  an  effect  was 
produced  which,  if  not  actually  an  explosion,  was  so  near  an  approach 
to  one  on  a  small  scale  as  to  prove  that  the  subject  deserved  further 
attention. 

The  next  set  of  experiments  was  worked  out  at  Elswick  Colliery  (by 
the  kind  permission  of  the  owners)  by  Mr.  Cochran  Carr,  Mr.  Cochrane, 
and  the  authors.  Into  the  details  of  these  experiments  it  is  hardly  neces- 
sary go  at  any  great  length,  because,  in  the  first  place,  they  have  been 
published  in  detail  elsewhere,  viz.,  in  the  Transactions  of  the  Chesterfield 
Institute  ;  and,  because,  in  the  second  place,  they  only  amplified  a  little 
the  result  which  had  been  arrived  at  in  the  laboratory.  They  seemed  to 
prove  still  further,  by  the  extent  to  which  the  box  was  damaged  by  the 
explosion,  that  there  was  something  worth  working  out  ;  but  they  hardly 
gave  such  evidence  as  could  be  placed  before  this  Institute  as  proving 
the  case. 

It  may  not  be  out  of  place  to  give  here  a  short  description  of  these 
experiments,  in  order  to  show  how  they  encouraged  the  authors  to  con- 
tinue their  researches  : — 
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A  deal  box  some  eight  feet  in  length,  and  of  proportionate  width,  of 
the  form  shown  in  the  following  cut,  was  constructed  in  such  a  manner 


A     W'       W2       W3 


as  to  represent  a  winning  bord  A  driven  narrow  out  of  a  headway  B. 
Up  the  centre  of  this  bord  a  length  of  brattice  was  rim,  supported  by 
props,  the  whole  representing  on  a  small  scale  a  working  place.  In  the 
headway  a  door  D  was  hung,  and  then  one  end  of  the  headway  C  was 
inserted  into  the  drift  of  a  Guibal  ventilator  on  the  surface.  The  air 
then  entered  the  opposite  end  of  the  headways  and  was  drawn  round  the 
face  by  the  door  and  the  brattice,  finding  its  exit  at  E  to  the  fan  drift, 
its  velocity  being  regulated  by  a  slide  at  F. 

Three  windows  W1  -  3  were  placed  at  the  west  side  of  the  box,  and 
windows  W4  5  G  were  placed  on  the  east  side,  which,  as  well  as  the 
north  end,  being  simply  fastened  on  by  hooks,  or  buttons,  enabled  the 
observers  to  note  what  occurred  in  the  interior,  "  tell-tales"  of  paper 
were  pinned  on  each  side  of  the  brattice  at  intervals  of  ten  inches,  both 
on  brattice  and  floor.  At  the  end  of  the  box,  representing  the  face  of 
the  bord,  two  holes  were  bored,  into  which  were  fitted  two  miniature 
cannons,  representing  in  position  and  effect  ordinary  blown-out  shots. 
These  were  loaded  with  a  charge  of  powder,  proportionate  to  the  scale  of 
the  box,  and  lightly  stemmed. 

A  quantity  of  coal  dust,  previously  dried  and  sifted,  was  then  pro- 
•cured,  and  stored  at  hand  in  readiness  for  the  experiments. 

The  first  experiments  were  performed  with  the  box  clean,  and  without 
coal  dust.  No  effect  was  produced  by  the  shots  beyond  the  report  of 
the  cannons,  and  a  small  amount  of  smoke,  which  was  soon  cleared  off 
by  the  current.  The  coal  dust  was  then  sprinkled  over  the  floor,  and 
blown  against  the  sides  and  the  brattice,  door,  props,  etc.  The  following 
arc  the  results  obtained  : — 
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1 . — Shot  fired  from  west  side  front  of  brattice,  30  grains  of  powder, 
slide  closed,  no  current,  box  intact. 

2. — Shot  fired  from  west  side,  60  grains  of  powder,  slide  closed,  no 
current,  east  side  of  box  blown  out.  < 

3. — Shot  fired  from  west  side,  90  grains  of  powder,  slide  closed,  no 
current,  east  side  of  box  blown  out  and  north  end  sprung. 

1. — Shot  fired  from  west  side,  1 20  grains  of  powder,  slide  closed,  no 
current,  east  and  north  sides  of  box  blown  out,  brattice  and  props  blown 
down,  west  windows  broken,  flame  at  first  west  window,  first  and  second 
tell-tales  on  floors  were  lighted. 

5. — Shot  fired  from  west  side,  60  grains  of  powder,  slide  open,  eight 
feet  per  second  velocity  of  air,  each  side  of  box  blown  off  slightly  smoked, 
props  blown  down,  tell-tales  one  on  floor  and  one  on  brattice  lighted. 

6. — Shot  fired  from  west  side,  60  grains  of  powder,  slide  open,  eight 
feet  velocity,  second  window  west  side  broken,  flame  observed  at  both, 
props  blown  down,  no  tell-tales  fired. 

7. — Shot  fired  from  west  side,  regulator  half  open,  velocity  about  six  feet, 
60  grains  of  powder,  props  blown  down,  tell-tales  blown  off  but  not  fired. 

8. — Both  shots  fired,  west  side  first  and  east  side  twelve  seconds  after- 
wards, 60  grains  of  powder  each,  props  blown  down,  tell-tales  blown  off 
but  not  fired,  east  side  blown  out-bye,  east  side  dust  much  diminished. 

9. — Both  shots  fired,  west  side  first,  east  side  two  seconds  after,  props 
blown  down,  west  window  blown  out,  no  tell-tales  fired,  considerable  smoke. 

10.- — Both  shots  fired,  west  side  first,  east  side  two  seconds  after,  90 
grains  of  powder  each  explosion,  west  side  of  box  split,  windows  all 
broken,  flame  shown  at  east  and  west  windows,  dense  smoke,  box  much 
damaged,  props  all  down. 

11. — Both  shots  fired,  west  side  first,  east  side  four  seconds  after,  90 
grains  of  powder  each,  west  side  blew  out  east  side  of  box  and  west 
windows,  props  all  blown  down,  heavy  smoke  after  west  side,  but  no 
effect  from  east  side,  owing  to  east  side  of  box  being  off. 

12. — Both  shots  fired,  west  side  first,  east  side  four  seconds  after,  90 
grains  of  powder  each,  brattice  shifted  and  props  down,  screws  on  east 
side  sprung,  west  windows  out. 

13. — Both  shots  fired,  west  side  first  and  east  side  two  seconds  after, 
90  grains  of  powder  each,  red  flame  at  second  east  window,  name 
out  of  all  west  windows,  props  down  in  bard  and  in  headways,  box  much 
charred  and  damaged. 

14. — Both  shots  fired,  west  side  first,  east  side  three  seconds  after, 
90  grains  of  powder  each,  flame  first  window  west  side  after  second  shot, 
west  windows  blown  out,  east  side  sprung. 
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lf>. — Both  shots  fired,  west  side  first,  east  side  one  second  after,  120 
grains  of  powder  each,  first  shot  had  no  effect,  second  shot  broke  all  win- 
dows, flame  travelled  along-  bord  into  headways  and  was  observed  at 
intake,  flame  observed  at  first  window  west  side,  and  at  a  supplementary 
window,  flame  shot  out  of  west  windows,  smoke  at  regulator,  box  generally 
loosened. 

16. — First  shot  fired  from  west  side,  120  grains  of  powder,  lighted 
dust  at  first  window  west  side,  blew  out  east  side  and  blew  down  brattice, 
second  shot  from  west  side  was  consequently  ineffective,  box  was  then 
found  to  be  too  heavily  damaged  for  further  experiments. 

It  may  be  as  well  to  point  out  here  some  of  the  difficulties  which 
rendered  these  experiments  a  little  tedious.  It  was  required  in  the  first 
place  to  have  a  perfectly  still,  perfectly  dry,  and  tolerably  warm  day  to 
work  at  bank  with  fine  coal  dust,  and  it  seldom  happened  that  when  these 
conditions,  not  very  often  realised  in  this  climate,  came  together, 
the  other  condition,  of  all  the  workers  being  able  to  come  together, 
occurred.  So  that  the  experiments  seemed  very  likely  to  come  to 
an  end  but  for  the  owners  of  Harton  Colliery  and  Mr.  George  May,  who 
placed  at  the  writers'  disposal,  in  a  recently  erected  fitting  shop,  what 
can  only  be  called  an  explosion-laboratory,  in  which  they  erected  all 
the  apparatus  that  could  possibly  be  required  for  the  experiments,  and  left 
it  there  from  day  to  day,  so  that  when  an  opportunity  occurred,  and  the 
writers  could  get  a  day  or  half  a  day  free  from  other  work,  there  was  the 
place  waiting  for  them,  and  experiments  could  be  proceeded  with  without 
any  loss  of  time. 

The  apparatus  used,  consisted  of  a  box  shown  in  Plate  XVI.,  divided 
into  two  parts,  I  and  K,  by  a  partition  F.  The  portion  I,  about  12  feet 
long,  and  G  inches  square  inside,  was  in  immediate  communication  with 
the  upright  passage  B  (Figs.  2  and  4),  through  which  air  was  forced 
and  regulated  by  a  slide,  as  shown.  The  other  portion  K,  separated 
from  the  former  by  a  partition  F,  is  about  10  feet  long,  and  is  open  to 
the  air  at  D.  Botn  sides  of  the  box  E  and  D  are  furnished  with  three 
windows,  H',  H2,  and  H3,  through  which  the  length  of  the  flame  produced 
by  the  firing  of  the  two  cannons  A  and  C  could  be  observed.  These 
cannons  were  made  of  short  pieces  of  gas  pipe,  closed  at  the  end  outside 
of  the  box,  and  communicating  with  the  exploding  apparatus  described  in 
the  paper. 

These  experiments,  and  the  apparatus  used,  were  arranged  so  as.  if 
possible,  to  carry  out  a  definite  idea.  The  idea  was  this  :  that  if  two  shots 
could  be  arranged  and  fired  into  air,  so  as  to  imitate  more  or  less  closely 
the  conditions  under  which  coal  dust  might,  in  practice,  get  mixed  with  air, 
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and  might  then  come  into  contact  with  shot  gases,  it  would  be  seen  whether 
under  these  conditions,  which  were  probably  the  most  trying  they  could 
have,  any  result  could  be  obtained  which  might  be  fairly  called  an  ex- 
plosion. It  was  thought  that  if  this  condition  of  things  could  be  arrived 
at  by,  first,  a  blown-out  shot  (from  the  face),  firing  against  the  air,  as 
shown  at  A,  Plate  XVI.,  which  might  possibly  lift  up  mechanically — 
purely  mechanically — sufficient  coal  dust  to  constitute  a  more  or  less 
explosive  mixture;  and,  second,  by  another  shot  C  fired  into  this  mixture 
as  it  came  round  the  brattice,  and  so  making  it  meet  the  shot  gases, 
there  would  exist  the  most  favourable  conditions  to  produce,  at  any 
rate,  an  approach  to  an  explosion. 

This  was  attempted  first  at  Elswick,  as  previously  mentioned,  with  a 
considerably  wider  box,  modelled  to  represent  to  scale  the  dimensions  of 
a  bord,  but  through  which  the  air  was  drawn  instead  of  being  forced,  but 
an  almost  insuperable  difficulty  was  found — that  was  the  getting  off  the  two 
shots  within  the  very  small  interval  of  time,  which  wi  mid  be  required  for  the 
gases  from  the  second  shot  to  meet  the  explosive  mixture  produced  by  the 
first,  as  it  was  swept  round  by  the  air  current.  But  when  the  work  was  com- 
menced at  Harton,  it  was  found  that  this  difficulty  could  be  got  over  by  the 
use  of  an  exploder,  which  is  probably  familiar  to  many  here.  It  consists  of  a 
box  covering  a  small  coil  fixed  in  front  of  a  battery  of  permanent  steel  mag- 
nets and  a  keeper  fixed  in  front  of  it.  The  keeper  is  maintained  in  situ  by 
a  spring.  A  little  bolt  is  securely  fixed  in  the  interior  to  prevent  acci- 
dents from  any  careless  handling  of  the  apparatus.  "When  that  is  taken 
out  of  the  way,  a  handle  is  sharply  pressed  and  produces  a  momentary 
disruptive  current,  so  that  the  discharge  of  the  shot  may  be  effected  at 
any  desired  distance  in  a  fraction  of  a  second;  and  two  or  more  shots 
can  be  arranged  by  a  very  simple  contrivance  so  as  to  be  discharged  in 
succession.  This  gave  exactly  what  was  wanted — the  means  of  getting 
a  series  of  shots  representing  the  ordinary  case  of  two  or  more  shots 
in  a  working  face,  exploding  in  close  succession,  and  so  discharging  one, 
two,  three,  four,  or  any  number  at  any  desired  interval.  The  commutator 
used  was  of  a  very  simple  description.* 

The  tubes,  AC,  Fig.  XVI.,  representing  the  shots,  which  Mr.  May  was 
good  enough  to  have  prepared,  were  on  the  whole  as  convenient  and  handy 
a  contrivance  as  could  be  had.  They  simply  consisted  of  pieces  of  iron 
tubing  tapped  with  screws,  which  could  be  fastened  tight  up  to  the 
end  of  the  box,  and  a  little  wood  plug  admitted  of  the  detonating 
fuse  being  inserted  through  the  breech-piece.  "With  this  contrivance  it 
was  possible  to  fire  more  successful  shots  in  a  given  time,  and   after 

*  The  apparatus  was  throughout  under  the  management  of  Mr.  J.  Dunn,  B.Sc. 
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very  little  experimenting  it  was  ascertained  that  an  interval  of  two  or 
I  hive  seconds,  varying  a  little  with  the  different  dusts,  seemed  fco  be  what 
was  wanted.  So  that  one  of  the  conditions  necessary  was  fairly  realised, 
i.e.,  that  the  dust  swept  np  by  the  explosion  of  the  first  shot  should 
go  round  the  second  side  of  the  box  in  time  to  he  ignited  by  the  shot 
fired  from  the  second  "gun." 

It  is  perhaps  unnecessary  to  give  the  details  of  all  the  experiments 
which  were  made  in  this  apparatus,  because  they  are  far  more  clearly 
represented  upon  the  table  of  observations  (given  in  the  Appendix  No.  2), 
where  it  will  be  seen,  that  while  with  the  clean  box  the  Mash  observable 
through  the  glass  windows  extended  only  a  very  short  distance,  in  nearly 
all  the  coal  dust  experiments  the  length  of  the  flame  was  more  or 
less  increased  —  sometimes  with  a  comparatively  clear  flame,  which 
has  been  indicated  by  a  firm  line ;  sometimes  with  an  appearance  of 
sparks,  which  has  been  indicated  by  dotted  and  broken  lines.  It  will 
not  be  necessary  to  enumerate  the  different  kinds  of  dust  which  were 
used  in  these  experiments,  which  included  those  from  very  repre- 
sentative specimens  of  different  coal  —  Welsh,  Derbyshire,  Yorkshire, 
Scotch,  Northumberland,  and  Durham.  Although  the  authors  have  ab- 
stained from  stating  the  names  of  the  collieries  from  which  they  were 
obtained,  it  can  be  seen  that  in  the  character  of  these  different  varieties  of 
"coal  dust"  (which  seems  to  be  rather  generic  than  specific  as  a  name) 
there  were  very  wide  variations  indeed. 

One  object  in  these  experiments  was  to  find,  if  possible,  some  standard 
to  which  to  refer  with  more  or  less  certainty  the  ultimate  results,  so 
as  to  be  able  to  answer  the  question  which  naturally  would  be  the  first 
to  be  asked — was  there  in  these  experiments  anything  which  could  be  fairly 
called  an  "  explosion"  produced  by  firing  a  shot  into  about  four  or  five 
cubic  feet  of  these  mixtures  ?  In  the  first  place,  what  is  an  "  explosion"  ? 
If  by  an  explosion  is  understood  an  action  which  brings  the  neighbours 
out  of  their  houses  to  enquire  what  is  happening,  then  certainly  there 
was  not  an  explosion  at  any  time  dining  these  experiments.  But  if  by 
an  explosion  is  understood  an  action  on  a  small  scale  which,  magnified 
to  a  large  scale,  might  produce  what  is  usually  termed  an  explosion,  then 
the  case  is  different.  There  is  a  wide  difference  between  a  soda  water 
bottle  filled  with  coal  gas  and  air  which  produces  a  "  puff"  (which  might 
be  heard  in  the  next  room,  or  might  not),  and  a  large  room  full  of 
coal  gas  and  air.  Here  certainly  the  magnified  result  of  the  larger  ex- 
periment is  very  different  from  that  of  the  small  one ;  and  the  same 
thing  would   seem  to  hold  good  in  the   experiments   which   gave   the 

VOL.  XXVIII.— 1879.  L 
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results  just  described.  That  is,  even  in  tin's  small  box,  very  bright  flashes 
and  explosions  were  produced,  which,  multiplied  to  the  scale  of  an  air- 
way or  a  large  gallery,  would  yield  something  which  would  deserve  the 
name  of  an  "  explosion"  proper. 

In  looking  for  such  a  standard  to  which  to  refer,  it  occurred 
to  the  authors  that  they  might  find  one  in  a  substance  well-known 
to  have  produced  per  se  explosions  on  a  large  scale,  and  using  this  on 
the  same  small  scale  might  obtain  some  data  for  comparison.  Such  a 
substance  presented  itself  in  flour  dust.  It  is  well  known  that  both  in 
this  country  and  in  North  America  not  only  have  serious  accidents  oc- 
curred, but  that  mills  have  been  wrecked  by  the  explosion  of  nothing  but 
fine  flour  dust  mixed  with  air.*  The  authors  have  been  able,  by  the  kind- 
ness of  Messrs.  Proctor  and  Sons,  to  obtain  very  representative  samples  of 
flour  dust,  to  the  results  obtained  from  which  attention  is  directed,  especially 
to  the  line  representing  an  explosion  produced  in  the  Harton  apparatus 
with  fine  flour  dust  (Appendix  No.  2,  Plate  XVII.),  and  to  one  which  is 
just  a  little  longer,  representing  an  explosion  produced  with  the  finest  coal 
dust  from  screens,  which  give  a  fair  line  for  comparison.  Now  the  effects 
of  an  explosion  of  flour  dust,  on  a  large  scale,  are  perfectly  well  known, 
and  comparing  the  effect  obtained  at  Harton  with  flour  dust,  with  the 
effects  produced  there  by  the  explosion  of  coal  dust  under  precisely 
similar  conditions,  an  approximate  idea  of  what  an  explosion  of  coal  dust 
itself  may  do  on  a  large  scale  is  arrived  at. 

This  is  a  summary  of  the  principal  results  obtained  at  Harton  Colliery, 
so  far  as  the  re-action  of  powder-shot  gases  on  such  a  mixture,  was  con- 
cerned. Then,  it  was  proposed  to  carry  the  thing  a  little  further, 
in  fact  a  few  preliminary  experiments  were  made  as  to  whether  it 
were  possible  by  any  means  to  get  coal  dust  and  air  mixtures  to  fire 
at  a  naked  light  back  into  the  box.  Further  research  in  this  direction  was 
rendered  unnecessary  by  the  results  which  were  communicated  to  the 
writers  shortly  afterwards  by  a  gentleman  who  does  not  desire  his  name 
to  be  mentioned,  but  who  has  had  occasion  to  observe,  both  on  a  large 
and  small  scale,  the  effects  of  coal  dust  brought  under  certain  conditions 
in  contact  with  a  naked  light.  The  results  of  these  observations  are 
given  in  Appendix  No.  3,  as  bearing  on  and  confirming  the  results 
which  have  just  been  given,  and  some  further  experiments  made  by 
him  are  given  in  Appendix  No.  4.  The  first  occurrence  to  which  this 
gentleman  refers  as  having  led  him  to  examine  the  subject,  happened 
so  far  back  as  1871 ;  a  very  considerable  quantity  of  dust  was  accidentally 
*  See  American  Journal  of  Science  and  Arts.     October,  1878. 
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thrown  over  some  screens,  came  back  over  the  flame  from  a  fire,  and  burnt 
one  man  so  severely  that  lie  was  oil'  work  lor  soniotli i n.u,'  like  fourteen 
weeks.  Then  came  an  occurrence  especially  interesting  as  bearing  upon 
Mr.  Galloway's  theory  with  regard  to  the  presence  of  gas  being  essential. 
In  this  case,  which  occurred  in  a  stone-drift  where,  so  far  as  could  be 
ascertained,  there  was  no  possibility  of  gas  being  present,  a  certain  quantity 
of  fine  coal  dust,  brought  down  by  the  air  current  and  deposited  in 
the  neighbourhood,  was  dislodged  by  a  blown-out  shot.  It  was  not  only 
dislodged  and  blown  up  into  a  cloud,  but  it  fired  at  the  shot  gas  and 
did  a  very  considerable  amount  of  mischief.  In  the  third  case  men- 
tioned it  is  not  quite  so  clear  that  the  explosion  was  purely  from  coal 
dust,  for  it  seemed  possible  that  furnace  gas  might  have  been  mixed 
up  with  it.  Alluding  to  the  comparative  experiments  which  were  made 
and  tabulated  in  Appendix  4 — they  may  be  said  to  amount  to  this : — If 
a  fair  quantity  of  fine  dry  coal  dust  be  taken  (amounting  in  most  of 
these  experiments  to  between  half-a-gallon  and  a  gallon)  and  weighing 
from  five  to  nine  pounds,  and  showered  from  a  sufficient  height  over 
a  flame  or  fire,  so  that  the  fine  coal  dust  is  knocked  up  as  it  strikes 
the  ground  into  a  cloud,  if  that  cloud  was  only  a  sufficiently  large  one,  it 
would  produce  that  which,  if  it  was  not  an  explosion,  was  at  any  rate  a 
bright  and  very  continued  flash  (though  that  flash,  as  might  be  expected, 
varied  considerably  with  the  conditions  of  the  experiment),  extending  in 
some  cases  to  a  distance  of  25  feet,  and  burning  everything  within  its 
course. 

Mr.  Freire-Marreco  here  reproduced  this  experiment  in  the  Lecture 
Room,  by  letting  various  specimens  of  coal  dust  fall  on  to  a  gas  burner, 
producing  in  each  case  a  large  volume  of  flame,  varying  with  the  different 
specimens  of  coal  dust  used ;  but  even  with  dust  taken  from  wagonways, 
whi  ch  in  every  instance  was  necessarily  mixed  with  all  manner  of  foreign 
matter,  the  flame  was  very  great. 

He  further  stated  that  if  this  experiment  was  repeated  with  a  couple 
of  dozen  different  coals,  after  a  little  practice,  the  character  of  the  coal  of 
which  the  dust  was  composed  could  be  fairly  guessed  from  the  kind  of 
flash  produced. 

There  are  one  or  two  other  questions  which  suggest  themselves  at 
once,  and  which,  although  they  are  purely  theoretical,  bear  upon  this 
question  and  upon  the  conditions  which  will  determine  it.  The  writers 
were  not  very  long  at  work  before  they  found  that  it  was  perfectly  easy 
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to  fire  shots  in  the  immediate  neighbourhood  of  coal  dust  without  pro- 
ducing any  perceptible  effect.  There  were  a  rather  complicated  set  of 
conditions  to  be  satisfied,  and  it  was  necessary,  in  the  first  instance,  to  get 
some  idea  of  what  these  conditions  were.  It  is  not  in  the  least  suggested 
that  the  data  used  represented  absolutely  the  truth,  but  that  they  gave 
figures  upon  which  there  was  a  large  margin  to  "  play  with."  It  is  clear 
that  with  coal  dust  suspended  in  a  current  of  air,  it  is  necessary  to  consider, 
in  the  first  instance,  what  the  effect  of  the  first  access  of  the  gas  from  the 
shot  will  be.  There  can  be  hardly  any  doubt  that  this  would  be  like 
putting  a  match  to  an  atmospheric  coal-fire.  The  first  effect  would  be 
to  "  carbonize"  the  coal,  liberating  a  certain  quantity  of  gas,  etc.,  and, 
if  the  proportion  of  air  present  is  sufficient,  firing  it.  The  practical 
question  then  becomes — will  the  heat  evolved  in  the  consumption  of  the 
gas  from  the  coal  dust  be  sufficient  to  carry  on  the  combustion — to  keep 
the  fire  burning  in  fact,  and  to  spread  through  any  length  from  the 
district  in  which  the  coal  dust  and  air  are  first  so  acted  on,  and  are  the 
data  obtained  sufficient  to  indicate  whether  this  would  be  so  or  not  ?  In 
the  first  place,  it  is  known  with  reasonable  accuracy  what  the  calorific 
values  of  average  coals  are;  and  if  this  is  taken  roughly  at  13  or  14  lbs. 
of  water  boiled  off  at  100  degrees,  it  will  not  be  very  far  wrong.  This 
can  be  translated  into  a  certain  definite  number  of  units,  and  if  this  is 
taken  as  the  total  heat  producible  by  the  coal  dust,  there  is  no  doubt  that 
that  would  be  more  than  sufficient  to  propagate  the  action;  but  two  other 
points  require  to  be  taken  into  consideration.  First  of  all,  the  very  act 
of  gasification  of  those  substances — the  "  carbonizing"  of  the  gas  manu- 
facturer*— absorbed  a  certain  amount  of  heat  which  it  would  be  difficult 
to  estimate  accurately ;  but  even  if  it  be  assumed  that  the  carbon  from  the 
coal  takes  no  share  in  the  action — if  it  be  assumed  that  the  coal  is  simply 
coked  by  the  shot-gases,  and  that  therefore  anything  wanted  to  propa- 
gate the  action  must  be  got  exclusively  from  the  combustion  of  the -vola- 
tile substances,  the  writers  think  that  they  can  still  say  from  these  data 
that  there  will  be  left  a  certain  margin  of  heat  units,  which,  under 
favourable  conditions,  would  be  quite  sufficient  to  propagate  the  action 
from  one  particle  of  coal  dust  to  another,  provided  always  that  they  were 
just  sufficiently  close  to  each  other. 

Here  it  may  be  remarked,  there  seems  to  be  rather  an  essential 
difference  between  a  solid  combustible  like  coal  dust  or  carbon  mixed 
with   air,  and  a  mixture   of  two   or   more  gases,  as  to  the   conditions 

*  Mr.  Hardie, of  the  Newcastle  Gas  Co.,  informs  us  that  about  2  cuts,  of  coke  arc 
required  in  practice  to  carbonize  one  ton  of  coal.  It  is  evident  that  the  actual  units 
absorbed  mav  be  assumed  to  he  much  inside  that  figure. 
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required  for  explosive  action.  In  the  case  of  gas  mixed  with  ail 
the  combustion    can    be   stopped,  or  at  least  its  rate   of  propagation 

checked  and  gradually  diminished,  until  it  could  scarcely  be  called 
an  explosion,  by  adding  an  excess  of  either  of  the  constituents  con- 
cerned in  the  re-action.  If  there  is  a  perfectly  explosive  mixture  of 
hydrogen  and  oxygen,  it  does  not  matter  if  it  is  diluted  with  air  or  with 
either  H  or  0,  a  non-explosive  point  is  at  last  reached ;  hut  although  the 
action  is  largely  diminished  in  force  by  a  largely  increased  percentage  of 
solid  combustible  matter,  it  does  not  check  it  to  the  same  extent  as  if  it 
was  a  gas. 

Mr.  Freire-Marreco  then  proceeded  to  show  by  another  experiment 
that  the  volatile  portions  of  the  coal  might  not  be  the  only  means  of  propa- 
gating the  explosion.  He  did  not  say  that  the  experiment  might  not  be  taken 
objection  to,  as  not  being  absolutely  analogous  to  coal  gas  and  air,  be- 
cause what  he  was  going  to  employ  was  a  solid  combustible  carbon, 
which  is  more  easily  handled  than  coal  dust,  and,  therefore,  charcoal  has 
been  taken.  True,  coal  dust  might  be  heated  to  the  same  point,  but  not 
without  coking;  anthracite  might  be  used,  but  it  would  do  little  more  than 
give  carhon,  so  that  the  experiment  may  as  well  be  made  this  way.  Mr. 
Marreco  then  took  powdered  charcoal  and  heated  it  to  a  dull  red,  and  then 
shook  it  into  a  vessel  containing  oxygen,  first  in  small  portions  at  a  tune  and 
then  in  a  mass.  In  the  first  instance  the  finely  divided  charcoal  showered 
down  in  small  quantity  caught  fire,  and  burnt  with  a  flash  which  might  be 
easily  mistaken  for  a  combustible  mixture  of  gases  ;  in  the  second  place, 
when  the  whole  quantity  was  thrown  into  the  oxygen,  a  more  violent 
combustion  took  place,  driving  up  a  certain  small  but. tolerably  definite 
quantity  of  the  carbon,  which  he  stated,  in  some  cases  reached  as 
far  as  the  ceiling.  The  one  thing  required  is  to  see  that  the  carbon  is 
fairly  hot.  Of  course  it  need  hardly  be  pointed  out  that  this  experiment 
could  not  be  made  with  coking  coal,  because  long  before  the  coal  could 
be  got  up  to  the  point  of  burning  it  would  at  least  be  partly  coked,  and 
it  would  be  no  longer  in  a  state  of  fine  powder.  The  experiment  was  not 
at  all  a  new  one;  it  was  one  which  has  been  in  occasional  use  in  lectures  for 
a  long  time  past  for  the  purpose  of  showing  that  a  solid  could  burn 
with  a  flash,  but  it  was  one  which  might  well  be  used  for  the  purposes  of 
this  illustration,  and  it  seemed  to  him,  under  correction,  that  the  principal 
interest  of  this  experiment  was  that  it  proved  clearly  enough  that  iv 
any  notable  quantity  of  the  solid  carbon  remaining  from  the  coal 
dust  after  coking  by  the  shot  gases  took  part  in   the  re-action,  that 
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that  there  would  be  a  very  much  larger  margin  to  work  upon  than  if  the 
80  or  40  per  cent,  of  volatile  matter  only,  which  is  the  outside  that 
could  be  expected  from  ordinary  "  bituminous"  coal,  were  considered.*  It 
would  be  observed  that  the  effect  of  shaking  the  hot  dust  in  a  very 
small  quantity  was  to  give  nothing  more  than  just  a  flash — a  flash  quite 
as  bright  as  if  a  mixture  of  gas  with  the  oxygen  had  been  fired,  and  as 
the  proportion  was  gradually  increased,  so  long  as  there  was  any  uncon- 
sumed  oxygen,  the  results  were  better  and  better.  Mr.  Marreco  then 
pointed  out  that  the  full  quantity  of  red  hot  carbon  used  was  far  more 
than  sufficient  for  the  small  quantity  of  oxygen  which  there  was  to  work 
on,  but  he  considered  that  the  result,  such  as  it  was,  gave  a  fair  represen- 
tation of  a  pit  explosion  on  a  small  scale. 

The  authors,  in  conclusion,  would  like  to  call  attention  to  one  set  of 
experiments  which  it  appears  to  them  to  fit  very  perfectly  into  theirs. 
They  are  those  of  Mr.  Hall,f  who  has  experimented  upon  a  much  larger 
scale,  but  with  what  was  in  all  essentials  the  same  apparatus,  for  Mr.  Hall's 
heavy  powder  shot  fired  at  the  end  of  a  drift  strewed  with  coal  dust  was 
really  the  same  thing,  on  a  much  larger  scale,  as  the  boxes  now  described. 
It  was  a  matter  of  very  little  consequence  which  of  these  sets  of  experi- 
ments was  made  first,  for  from  the  results  now  given  it  might  have  been 
expected  that  Mr.  Hall's  results  would  have  been  the  same,  multiplied  in 
proportion  to  the  difference  between  the  magnitude  of  the  experiments; 
or  if  they  had  started  from  Mr.  Hall's  experiments  and  reduced  the  dimen- 
sions of  his  drift  to  the  dimensions  of  their  box,  they  would  have  expected 
to  get  exactly  the  same  results  as  they  had  got  with  similar  dust. 


APPENDIX  No.  1.— TABLE  OF  OBSERVATIONS. 

The  table  of  observations  inserted  here  gives  the  details  of  all  the 
experiments  made  at  Harton.  The  letters  E1,  E2,  and  E3  indicate  the 
first,  second,  and  third  east  windows,  and  the  letters  W1,  W8,  and  W8  the 
first,  second,  and  third  west  windows.  When  the  shot  A  was  fired,  the 
flame  was  observed  from  the  east  windows;  and  when  the  shot  C  was  fired, 
the  flame  was  observed  from  the  west  windows.  These  results  are  shown 
together  in  a  diagram  given  on  Plate  XVII. 

*  The  analyses  of  the  coal  dust  which  has  been  used  have  not  been  completed, 
but  it  bas  been  found  that  they  had  lost  a  rather  large  portion  of  the  volatile  matter 
which   they  might  have  been  expected  to  contain — looking  to  the  character  of  the 

seams  from  which  they  were  derived. 

f  Transactions,  Vol.  XXV.,  j>.  2-15. 
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APPENDIX  No.  2.— PLATE  XVII. 

DIAGRAM  OP  LENGTH  OP  FLAME  OBSERVED  THROUGH  WINDOWS 
IN  SIDES  OF  BOX. 

In  order  to  show  more  clearly  the  relative  effects  of  the  various  ex- 
plosions, the  diagram  shown  on  Plate  XVII.  has  heen  prepared,  in  which 
the  length  of  the  flames  produced  is  shown  by  means  of  dark  lines;  K1, 
E%  and  E8  representing  the  east  windows,  and  W,  W2,  and  \V:1  repre- 
senting the  west  windows.  The  lines  representing  the  two  shots  fired 
in  each  experiment  are  bracketed  together,  the  upper  line  representing 
the  flame  produced  by  the  shot  A,  and  the  lower  line  that  produced  by 
the  shot  C. 


APPENDIX  No.  3. 
AUTHENTICATED  CASES  OF  COAL  DUST  EXPLOSIOXS. 
There  have  been  four  well-authenticated  cases  of  coal  dust  explosions 
at  a  colliery,  the  name  of  which  it  is  unnecessary  to  give,  within  recent 
years,  but  with  the  exception  of  the  last  none  have  been  particularly 
recorded.  Eye  witnesses  of  each,  however,  are  still  resident  on  the  colliery, 
and  from  them  the  following  particulars  have  been  obtained: — 

FIRST. 

This  took  place  towards  the  end  of  1870,  or  the  beginning  of  1871, 
npon  screens,  under  the  following  circumstances.  Deals  were  fixed  over 
the  gaslights  upon  the  screens  to  prevent  the  rain-water  trickling 
through  the  heapstead  from  falling  on  them.  One  very  stormy  day  these 
blew  loose,  and  a  man  was  sent  to  pull  some  of  them  down.  While 
go  engaged  a  quantity  of  dust  fell  into  the  flame  below  and  exploded, 
severely  burning  one  of  the  screenmen,  who  was  off  work  fourteen 
weeks  in  consequence.  The  flame  is  described  as  rising  as  high  as  the 
heapstead  would  permit  it,  and  being  very  hot.  Another  man,  who  was 
working  on  the  next  screen,  felt  the  heat  very  strongly,  but  was  not 
actually  burnt. 

SECOND. 

Towards  the  end  of  1872  some  workmen  were  engaged  shooting  out 
refuge  holes  in  a  stone  drift  near  the  down-cast  shaft,  whore  a  large 
amount  of  fine  coal  dust  was  deposited  after  coining  down  the  shaft 
with  the  air  current.  Two  of  the  men  drilled  a  hole  about  1">  inches 
long,  directly  horizontal  into  the  side,  giving  it  no  vantage  whatever. 
As  a  matter  of  course  the  charge  blew  the  stemming,  and  the  flash  ignited 
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the  cloud  of  dust  raised  by  the  shock.  A  considerable  explosion  resulted, 
which  at  the  time  caused  some  consternation,  as  most  of  the  men  attri- 
buted it  to  gas,  although  there  cannot  be  the  slightest  doubt  as  to  the 
dust  being  the  cause  of  it,  the  explosion  being  in  the  main  intake  to 
No.  3  Pit  where  from  50  to  60,000  cubic  feet  of  air  passed  per  minute. 

THIRD. 

This  occurred  at  bank  some  time  during  Hie  spring  of  1.S70,  but  for 
some  unexplained  reason  was  not  reported  at  the  time.  The  circum- 
stance was  this:  "While  one  of  the  firemen  employed  at  Xo.  2  Pit  boiler 
was  engaged  in  picking  his  fire,  a  boy  turned  a  tub  of  coals  into  a  sort 
of  hopper  at  the  back  of  the  boilers  from  which  the  firemen  obtain  their 
supply  of  coals:  this  being  almost  empty  at  the  time,  a  great  cloud  of  dust 
was  raised,  which,  coming  out  of  the  small  archway  through  which  the  coals 
pass,  travelled  towards  the  boiler  fire.  It  there  exploded  and  burnt  one  of 
the  men,  who  was  off  work  a  lew  days. 

FOURTH. 

This  occurred  on  the  screens,  on  July  19th  of  the  present  year. 
Some  coal  dust,  lying  on  a  sort  of  "  picture"  over  one  of  them,  suddenly 
fell  off.  The  dust  was  ignited  by  the  gas  jet  burning  beneath,  and  an 
explosion  resulted.  The  flame  was  bright  and  very  hot.  The  flash 
reached  the  heapstead  and  there  dislodged  some  more  dust,  which  again 
exploded.  Had  the  two  screenmen  not  thrown  themselves  off  the  screen 
into  the  waggon  at  some  risk  of  their  necks,  they  would  have  been 
severely  burnt,  but  as  it  happened  they  got  off  pretty  lightly,  though  one 
of  them  was  unable  to  work  for  about  three  weeks.  Some  of  their  clothes, 
hanging  above  their  heads,  were  so  burnt  as  to  be  useless. 

After  this  last  affair  happened,  some  experiments  were  made  on  the 
explosive  power  of  dust,  the  results  of  which  are  appended  hereto,  and 
though  rude  in  form,  clearly  show  that  under  certain  circumstances  a 
cloud  of  coal  dust  will  explode  with  considerable  violence. 
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APPENDIX  No.  4. 

EXPERIMENTS   TO    ASCERTAIN   THE    EXPLOSIVE    POWER   OF   COAL 
DUST,  MADE  IN  THE  COUNTY  OE  DURHAM  IN  AUGUST,  1878. 
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Very  fine  and  dry.  Cloud  of  dust  was 
driven  from  the  flame  by  the  wind, 
and  it  did  not  explode. 

Exploded;  flame  not  large,  dark  red; 
did  not  expand  the  cloud  of  dust  at 
all;  no  noise;  flame  reached  about  six 
feet  high. 

Exploded  very  violently;  set  on  fire 
sticks  and  straw  over  an  area  of  18  ft. 
in  diameter;  flame  reached  about  18 
ft.  vertically ;  the  flash  expanded  the 
cloud  of  dust  and  made  a  rushing 
sound;  flame  very  red,  with  many 
sparks;  heat  great,  and  felt  at  from 
15  to  20  ft.  distant. 

Precisely  similar  to  above. 

Very  dry ;  but,  although  it  fired,  the 
flash  was  very  feeble. 

Do.,  with  rather  heavier  flash. 

Exploded  in  every  way  similar  to  No.  7 
but  that  the  flame  would  reach  24  ft. 
vertically ;  gave  out  great  heat. 

The  cloud  did  not  come  in  contact  with 
the  flame ;  did  not  explode. 

This  exploded  well,  the  flash  reaching 
20  ft.  in  the  direction  in  which  the 
wind  was  blowing;  the  small  quantity 
would  prevent  it  obtaining  any  great 
height. 

Did  not  explode. 


Do. 
Do. 

Do. 
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In  the  above  experiments  the  dust  was  dropped  on  to  the  ground  by 
the  side  and  partly  ou  the  top  of  a  small  fire  kindled  about  eighteen  inches 
above  the  level  of  the  surface.  As  the  cloud  of  dust  rose  from  the  ground 
the  wind  carried  it  right  into  the  fire.  It  was  found  that  unless  the  fire 
was  flaming  freely  it  did  not  ignite  the  dust  so  well.  No.  11,  12,  and  13 
experiments  were  tried  with  dust  almost  as  pure  as  that  obtained  from 
bank;  all  the  other  underground  dust  was  more  or  lees  mixed  with  foreign 
matter. 


APPENDIX  No.  5. 

FURTHER  EXPERIMENTS  TO  ASCERTAIN  THE  EXPLOSIVE  POWER  OF 
COAL  DUST,  MADE  IN  THE  COUNTY  OF  DURHAM  IN  AUGUST,  1878. 
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derground, near  downcast 
shaft. 
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do. 

do. 
do. 

do. 


Main  coal  intake,  near  No. 
2  shaft. 


Do. 
Do. 
Do. 


do. 

do. 
do. 


From  under  low  pit  screens. 


Do. 
Do. 
Do. 


do. 
do. 
do. 


The  unexploded  dust  lying 
on  the  ground  below  the 
flame. 


Result. 


Heavy  explosion,  extending  over  an  area 
of  20  ft.  in  diameter ;  flame,  very  red 
and  hot ;  made  a  loud  rushing  sound. 

Wind  carried  dust  away  from  flame,  and 
did  not  explode. 


Do. 


do. 


Exploded,  though  slightly. 

Did  not  come  in  contact  with  flame. 

Dust  falling  into  flame  extinguished  it ; 
did  not  explode. 


Do. 


Do. 


do. 


do. 


Flame  removed  so  that  no  portion  of 
dust  fell  direct  into  it ;  a  small  explo- 
sion took  place,  but  it  was  very  feeble. 

Heavy  explosion,  similar  to  No.  1,  but 
more  violent ;  flame  rose  fully  20  ft. 
high. 

Same  as  last,  though  perhaps  heavier. 

About  the  same  as  last. 

This  was  a  magnificent  explosion  ;  cloud 
of  smoke  and  flame  rose  fully  30  feet, 
and  the  flash  set  fire  to  chips,  etc.,  over 
an  area  of  25  to  30  feet  in  diameter  ; 
in  appearance  and  sound  it  resembled 
No.  1,  though  much  exaggerated. 

Did  not  explode. 
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In  the  experiments  given  in  Appendix  No.  4  the  dust  was  dropped  on 
to  the  ground  from  an  elevation  of  \2  feet;  both  as  it  fell  (with  the 
exception  of  No.  9)  and  as  it  rose  again,  the  cloud  came  in  contaci  with 
the  flame  of  a  gas  jet,  issuing  from  a  half-inch  burner.  It  is  aoi  easy 
to  make  any  comparison  of  the  force  of  the  explosion,  but  Nos.  I,  in, 
11,  \'2,  and  1:5,  of  these  experiments,  and  Nos.  7,  8,  and  1  I,  of  those  in 
Appendix  5,  would  be  equal  in  appearance  to  say  1  or  5  lbs.  of  loose 
powder  set  tire  to  on  the  surface,  though  that  is  probably  an  trader  estimate. 


Mr.  Freire-Marreco  then  stated  that  he  was  led  to  think  that  while  it 
was  impossible  to  get  on  this  scale  anything  which  can,  strictly  speaking, 
be  called  absolutely  an  explosion  from  coal  dust,  a  result  could,  nevertheless, 
be  obtained  which  is  capable  of  doing  considerable  damage,  and  at  any 
rate  capable  of  lengthening  to  an  indefinite  extent  the  flame  from  the 
blown-out  shot ;  and  that  it  is  not  altogether  improbable  under  certain 
conditions — these  conditions,  however,  he  could  hardly  as  yet  properly  de- 
fine— that  such  a  mixture  may  be  made  which  should  not  require  the  start 
from  the  gases  of  a  blown-out  shot,  but  which  should  require  only  the  com- 
paratively small  initiatory  stimulus  which  is  represented  by  the  match 
which  lights  a  fire.  That  was  the  thing  which  they  had  yet  to  work  out. 
There  could  be  hardly  any  doubt  about  it,  that  they  could  lengthen  out 
these  shots — or  rather  their  flame — by  the  very  coal  dust  which  they 
knock  up  for  themselves.  So  that  it  may  be  said  that  they  lay  their  fire 
and  light  it  too.  But  the  question  had  still  to  be  worked  out,  whether 
coal  dust  and  air  can,  under  certain  conditions,  be  made  to  reproduce  at 
a  very  distant  point  the  phenomenon  which  was  described  in  Appendices 
Nos.  4  and  5.  He  could  not  say,  but  his  own  belief  was  that  it  could  be 
done,  and  that  they  had  only  to  find  out  the  necessary  variations  of 
conditions  to  do  it. 

Mr.  A.  L.  Steavenson  remarked  that  several  years  ago  he  remem- 
bered an  accident  which  occurred  from  the  effects  of  a  blown-out  shot, 
which  showed  the  great  length  the  flame  from  these  shots  was  projected. 
Before  the  shot  was  fired  the  deputy  had  carefully  examined  the  place  and 
found  it  entirely  free  from  gas.  The  place  was  driven  up  about  ten  yards, 
across  the  end  of  the  bord  an  iron  tub  was  standing,  and  behind  this 
tub  a  man  was  sitting  without  his  shirt,  as  he  thought,  in  a  place  of 
safety  ;  but  after  the  explosion  of  the  shot  he  was  found  to  be  so  severely 
burnt  that  he  died  from  the  effects  of  the  injuries  he  had  received.  On 
examining  the  tub  distinct  marks  of  the  pellets  of  the  blasting  powder 
were  discovered,  showing  that  the  shot  had  fired  from  the  lower  or  inner 
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end  and  had  projected  some  unburnt  powder  as  far  as  the  tub,  exempli- 
fying in  the  most  striking  manner  the  effects  of  a  blown-out  shot  at  the 
distance  of  10  yards,  and  showing  that  the  effect  of  shots  was  far  more 
powerful  than  was  generally  allowed.  In  the  Cleveland  ironstone  district, 
of  course,  there  was  no  coal  dust,  and  although  gas  was  at  times  to  some 
extent  present,  yet  practically  it  might  be  considered  as  entirely  absent 
where  blasting  was  being  carried  on,  yet  in  these  ironstone  mines  he 
had  seen  the  flame  from  blown-out  shots  extend  as  far  as  fifteen  yards. 
At  the  Paris  Exhibition  a  gentleman  had  shown  him  an  invention  for 
preventing  flame  issuing  from  the  explosion  of  a  cartridge,  by  tamping 
the  shot  with  water  enclosed  in  a  sort  of  cartridge,  which  was  placed  over 
the  powder,  and  the  water  was  expelled  with  the  explosion.  He  could 
not  say  how  far  this  would  effect  the  object  desired,  but  he  was  assured 
by  the  inventor  and  patentee  that  it  answered  perfectly.  In  conclusion, 
he  had  much  pleasure  in  proposing  a  vote  of  thanks  to  Messrs.  Marreco 
and  Morison  for  the  very  valuable  information  they  had  given. 

The  President  seconded  the  motion,  which  was  unanimously  carried. 

Mr.  Lindsay  Wood  wished  to  know  from  what  part  of  the  mine  the 
coal  dust  had  been  obtained  for  the  purposes  of  the  experiments.  He  had 
known  small  quantities  of  coal  dust  fire,  or,  as  it  were,  explode,  but  then 
it  was  in  parts  of  the  colliery  where  the  dust  was  comparatively  pure  coal, 
and  not  mixed  with  the  fire  clay  and  other  impurities  trodden  up  by  the 
ponies  which  constitute  so  large  a  portion  of  the  dust  iu  the  working  part 
of  the  pit. 

Mr.  Freire-Marreco  said,  in  reply,  that  he  did  not  consider  that 
absolutely  pure  coal  dust  gave  necessarily  the  strongest  possible  explosion. 
They  had  used  dust  from  the  wagon  ways  that  was  very  considerably  mixed 
with  foreign  matters,  such  as  fire  clay  and  horse  dirt,  and  which  gave 
very  considerable  results.  But  one  of  the  strongest  effects  obtained  was 
from  dust  taken  from  a  stone  drift  way  where  it  had  been  deposited  by 
the  current  of  air. 

Mr.  Morison — This  dust  was  exceedingly  fine. 

Professor  Herschel  said  that  he  did  not  consider  it  necessary  that 
the  dust  should  be  so  impalpably  fine  to  cause  it  to  explode.  He  had 
experimented  by  shaking  up  the  ordinary  flour  of  commerce  in  a  dry 
state  in  a  box  containing  a  light,  and  had  succeeded  in  producing  an 
explosion  that  had  lifted  the  cover  of  the  box.  It  is  true  he  had  only 
succeeded  once  in  this  experiment,  but  it  showed  that  the  excessive  fine- 
ness of  the  dust  was  not  absolutely  necessary  to  produce  an  explosion. 

Mr.  Cochrane,  in  reply  to  a  question,  said  that  there  had  been  ex- 
plosions from  single  shots. 
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Mr.  Morison  explained  that  the  reason  they  had  second  shots  won 
because  the  coal  dust  had  to  he  disturbed,  and  they  found  that  in  no 
way  could  it  he  so  easily  mixed  with  the  air  in  the  box  as  hy  the  firing  of 
a  shot;  and,  after  repeated  experiments,  they  found  that  by  exploding  tin- 
shots  rapidly  one  after  another  (which  they  were  enabled  to  do  hy  means 
(if  electricity)  the  second  shot  went  off  while  the  coal  dust  was  intimately 
mixed  with  the  air  in  the  box,  but  in  all  cases  the  Length  of  the  flame 
resulting  from  the  first  shot  was  recorded  in  the  table,  and  they  could 
judge  for  themselves  of  the  relative  effects  of  the  shots. 

Mr.  Steavenson  asked  if  they  might  not  have  mistaken  the  explosion 
of  grains  of  powder  unconsumed  in  the  barrel  of  the  cannon  as  they  passed 
by  the  windows  for  the  explosion  of  coal  dust  ? 

Mr.  Morison  stated  that  the  charge  used  was  not  the  quantity  usually 
put  in  a  shot  in  a  mine,  but  only  a  much  smaller  quantity,  one,  in  fact, 
reduced  in  proportion  to  the  area  of  face  of  the  model  box  as  compared 
with  an  ordinary  working  place,  and  thus  there  was  a  very  small  chance 
of  any  of  the  powder  being  unconsumed  after  it  left  the  chamber  of  the 
cannon. 

The  President  asked  if  they  had  put  any  valves  upon  the  top  of  the 
box  to  ascertain  if  there  was  any  pressure  inwards  or  outwards  during 
the  time  of  the  explosion  ? 

Mr.  Freire-Marreco  explained  that  they  had  endeavoured  to  ascertain 
if  there  had  been  any  inward  or  outward  pressure  during  the  experiment 
(for  he  thought  that  there  would  be  both)  by  means  of  a  recording  water 
gauge,  but  owing  to  the  water  oscillating  so  much  they  were  obliged  to 
discontinue  its  use ;  however,  they  might  possibly  ascertain  this  by  further 
experiments  in  the  laboratory. 

Mr.  Morison  said  that  they  had  apertures  in  the  top  of  the  box,  through 
which  the  coal  dust  was  inserted,  and  that  these  were  covered  with 
boards  secured  by  weights,  and  in  heavy  explosions  these  were  sometimes 
blown  off,  and  when  so,  it  was  invariably  those  apertures  furthest  from 
the  shot  that  were  so  disturbed,  probably  from  the  effect  of  the  fresh  air 
rushing  in  after  the  explosion. 

The  President  stated  that  he  knew  several  cases  where  men  had 
been  burnt  under  circumstances  similar  to  those  described  by  Mr. 
Steavenson,  and  he  had  no  doubt  that  the  experience  of  many  other 
members  would  enable  them  to  confirm  his  testimony  when  the  paper, 
after  having  been  printed  and  in  the  hands  of  the  members,  was  brought 
up  for  discussion. 

The  meeting  then  separated. 
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NOVEMBER  21st,  1878. 


About  eighty  members  of  the  Institute  availed  themselves  of  the  kind 
invitation  of  Messrs.  Bell  Brothers,  to  view  this  colliery,  and  examine 
the  apparatus  for  saving  labour  in  the  manufacture  of  coke — the  invention 
of  Messrs.  Bell,  Harle,  and  Cleugh — the  Schiele  fan,  and  the  many  objects 
of  interest  to  be  seen  in  this  admirably  laid  out  colliery. 

The  visitors  were  conveyed  to  the  colliery  by  the  ordinary  trains, 
extra  carriages  for  their  accommodation  having  been  kindly  provided  by 
the  officials  of  the  North-Eastern  Railway  Company.  They  were  re- 
ceived by  Mr.  A.  L.  Steavenson,  the  chief  engineer  to  the  company,  who 
courteously  explained  the  many  objects  of  interest  there  were  to  examine. 

The  apparatus  attached  to  the  coke-ovens  for  saving  labour  is  fully 
described  at  page  127,  Vol.  XXVII,  of  the  Transactions.  As  adapted  to 
this  colliery,  it  is  made  to  serve  47  ovens  of  the  ordinary  beehive  form. 
The  tray  or  belt  is  about  200  yards  long,  and  runs  the  whole  length  of  the 
ovens,  immediately  below  the  oven  doors.  It  is  driven  by  a  single  engine, 
15-^  inches  diameter,  and  3  feet  stroke,  which  is  considered  large  enough 
not  only  for  the  work  it  is  at  present  doing,  but  also  to  drive  the  ap- 
paratus, which  will  shortly  be  applied  to  the  rest  of  the  ovens,  150  in 
number,  since  at  present  the  actual  indicated  horse-power  required  is 
only  eight. 

The  average  charge  of  each  oven  is  G  tons  10  cwts.,  and  this  yields 
about  4  tons  of  coke.  The  ovens  are  drawn  three  times  a  fortnight. 
Previous  to  the  application  of  this  apparatus  the  men  were  paid  Is.  9^d. 
per  oven  for  drawing  alone.     The  drawing  now  costs  Is.  2d.  per  oven. 

The  filling,  which  formerly  cost  tenpence  per  oven,  is  now  done  without 
manual  labour.  Each  man  now  draws  four  ovens  in  a  day  of  eight  hours, 
while  formerly  he  could  only  draw  two  ;  and  the  cost  of  labour  has 
altogether  been  reduced  more  than  one-half. 

The  whole  of  the  heat  passing  from  the  coke-ovens  is  utilized  in 
heating  the  boilers  upon  the  colliery.     These  are  ten  in  number,  60  feet 
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long,  5  feet  in  diameter.  There  are  two  chimneys,  each  130  feet  in 
height,  and  so  perfect  is  the  combustion  that  on  the  clearest  day  not  a 
particle  of  smoke  can  be  seen. 

The  coal  used  for  supplying  the  ovens  is  a  mixture  of  one-third  from 
the  Busty  seam  and  two-thirds  from  the  Brockwell  seam,  the  former  seam 
lying  at  a  depth  of  80  fathoms,  and  the  latter  at  a  depth  of  100  fathoms. 
The  whole  of  the  coal  which  does  not  pass  through  the  screens  is 
crushed  by  one  of  Carr's  disintegrators  before  being  coked. 

The  visitors  were  conducted  down  the  shaft  to  view  one  of  Schiele's 
ventilators,  in  the  Brockwell  seam,  at  a  distance  of  50  yards  from  the 
shaft.  The  diameter  of  the  fan  is  7  feet,  and  at  the  time  of  the  visit  was 
making  about  200  revolutions  per  minute  ;  it  is  driven  by  a  horizontal 
engine  9  inches  diameter  and  12  inches  stroke,  working  at  100  revolutions 
per  minute.  The  quantity  of  ah-  delivered  at  these  velocities  is  35,000 
cubic  feet  per  minute.  The  fan  can,  however,  be  so  driven  as  to  produce 
a  much  greater  effect. 

Mr.  Stbavenson  stated  that  the  colliery  had  been  commenced  in  the 
early  part  of  the  good  times.  The  Hutton  seam  was  first  reached 
at  a  depth  of  36  fathoms ;  and  although  the  quality  was  not  all  that 
could  be  desired,  yet  as  the  demand  for  coal  was  so  great,  it  was  deter- 
mined to  stop  sinking  and  to  work  the  coal,  continuing  the  sinking  in 
the  other  pit  to  the  west.  Here,  at  a  depth  of  GO  fathoms,  they  met 
with  basalt,  not  a  mere  dyke,  but  a  compact  horizontal  layer  19  feet 
thick,  of  an  exceedingly  hard  character,  so  much  so  that  four  months 
were  occupied  in  sinking  through  it.  Then  the  Busty  seam  was  reached 
at  a  depth  of  80  fathoms,  and  ultimately  the  Brockwell  at  a  depth  of  100 
fathoms.  The  Busty  seam  is  4  ft,  3  in.  thick,  of  fair,  average  quality, 
with  a  small  band  of  clay.     The  Brockwell  is  about  3  ft.  thick. 

After  viewing  the  colliery,  the  visitors  were  assembled  in  one  of  the 
buildings,  where  luncheon  was  provided  by  the  owners ;  and  after  a  vote 
of  thanks  had  been  given  to  Messrs.  Bell  Brothers  for  their  kind 
invitation,  and  to  Mr.  A.  L.  Steavenson  for  his  courteous  reception,  the 
members  separated. 
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GENERAL    MEETING,    SATURDAY,    DECEMBER   7th,    1878,    IN    THE 
WOOD    MEMORIAL    HALL. 


G.  C.  GREENWELL,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  general  meeting,  and 
reported  the  proceedings  of  the  Council. 


The  following  gentlemen  were  elected  : — 


Associates- 


Mr.  William    Prichard,    M.E.,    Navigation    and    Deep    Duffryn    Collieries, 

Mountain  Ash,  South  Wales. 
Mr.  John  Thompson,  Heworth  Colliery,  Heworth. 

The  following  were  nominated  for  election  at  the  next  meeting : — 

Ordinary  Member — 

Mr.  Tom  Pattinson  Martin,  Colliery  Manager,  Allhallows  Colliery,  Mealsgate, 
Carlisle. 

Associate— 
Mr.  Louis  Clovis,  1,  Borough  Houses,  Gateshead-on-Tyne. 

Students — 

Mr.  A.  B.  Blakeley,  Hollyroyd,  Dewsbury. 

Mr.  H.  Child,  Whitkirk,  near  Leeds. 

Mr.  Jos.  Wm.  Pattison,  Londonderry  Offices,  Seahani  Harbour. 

Mr.  Septimus  H.  Hedley,  Londonderry  Offices,  Seahani  Harbour. 

Mr.  Thomas  Smith,  Leadgate,  County  of  Durham. 


The  President  said  that  the  Council  had  decided  that  Mr.  J.   D. 
Kendall's  paper,  "On  the  Hematite   Deposits  of   West   Cumberland," 

should  be  taken  as  read,  and  discussed  at  a  future  meeting. 
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THE  HEMATITE  DEPOSITS  OF  WEST  CUMBERLAND. 


By  J.  I).  KENDALL,  C.E.,   F.G.S. 


PART  [.—INTRODUCTORY. 

Perhaps  there  is  no  district  of  equal  importance  in  the  whole  of  the 

British  Isles  which  has  received  so  little  attention  from  men  of  science  as 
the  hematite  district  of  West  Cumberland.  As  far  as  the  author  is 
aware,  with  the  exception  of  one  or  two  papers  of  his  own,  there  is  not  in 
the  whole  literature  of  geology  and  mining  a  notice  of  these  deposits 
which  extends  over  more  than  a  page  or  two.  That  being  so,  it  seemed 
to  be  a  very  fit  subject  to  bring  before  this  Institute.  That  it  has  not 
been  dealt  with  by  some  of  the  members  before,  is  somewhat  surprising, 
seeing  that  so  many  of  them  are  now  more  or  less  directly  interested  in 
the  iron  trade,  the  recent  rapid  development  of  which  is  in  a  great 
measure  due  to  Bessemcr's  discovery  in  connection  with  hematite.  This 
neglect  of  the  subject  cannot  be  due  to  its  uninteresting  nature,  for  so 
long- as  such  questions  as — How  did  the  deposits  originate?  What  is 
their  age  ?  and  Where  are  they  to  be  found  ? — remain  unanswered,  the 
subject  can  never  be  uninteresting.  Perhaps  it  has  been  thought  to  be  a 
matter  more  for  the  consideration  of  the  geologist  than  the  mining 
engineer.  But  that  is  not  so,  for  if  not  the  whole,  clearly  the  last  of  the 
above  questions  very  deeply  affects  the  mining  engineer. 

It  is  the  intention  of  the  writer  to  deal  with  each  of  the  above 
questions,  but  to  confine  the  present  communication  to  the  two  first. 

As  in  science  generally,  so  in  reference  to  questions  such  as  the  above, 
the  more  those  facts  arc  known  which  are  to  be  discovered  only  by 
observation,  the  more  easy  it  will  be  to  arrive  at  tacts  by  inference,  and 
consequently  the  sooner  it  will  be  possible  to  see  an  explanation  of  the 
phenomena  under  investigation.  It  is  proposed,  therefore,  in  the  con- 
sideration of  these  questions  to  introduce  as  many  facts  of  observation  as 
possible.     Many  of  these  observations  will  no  doubt  be  found  quite  new, 
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even  to  those  who  are  working  the  deposits  day  by  day,  whilst  many 
more  of  them  have  not  been  previously  recorded. 

That  part  of  West  Cumberland  in  which  these  hematite  deposits 
occur  may  be  roughly  described  as  a  belt  of  country,  of  varying  width, 
extending  along  the  sea  coast  from  Millom  on  the  south  to  Whitehaven 
on  the  north,  a  distance  of  about  twenty-nine  miles ;  its  greatest  width 
being  about  eight  miles.  (See  Plate  XVIII.)  Along  the  landward  edge 
of  this  belt  stand  some  of  the  western  mountains  of  the  lake  country, 
which  vary  in  appearance  according  to  the  nature  of  the  rocks  of  which 
they  are  formed,  being  sometimes  of  a  rough  and  rugged  outline,  at  others 
smooth  and  regular.  Between  this  mountainous  tract  and  the  sea,  the 
ground  is  low  and  gently  undulating,  seldom  rising  above  400  feet,  and 
being  mostly  below  the  150  feet  contour. 

The  hematite  deposits  hitherto  worked  occur  in  the  centre  and  at  the 
extreme  ends  of  this  belt ;  those  in  the  north  being  about  Kelton,  Salter, 
Winder,  Frizington,  Cleator  Moor,  and  Bigrigg,  and  those  in  the  south  at 
Hodbarrow  and  Water  Blean.  The  deposits  in  the  central  part  of  the 
belt  being  in  the  hills  about  Eskdale. 

The  geological  systems  represented  in  the  district  are  not  numerous, 
but  they  are  very  well  developed.  Their  relation  to  one  another  will  be 
best  understood  by  reference  to  Fig.  1,  Plate  XXL,  which  shows  the 
various  rock  groups  making  up  each  system,  as  well  as  where  they  conform 
and  where  they  are  unconformable. 

The  extent  of  these  rock  groups  on  the  surface  is  shown  on  Plate 
XVIII.  Plates  XIX.  and  XX.  are  enlargements  of  the  north  and  south 
ends  of  the  district  respectively.  They  show  the  geological  structure 
more  in  detail ;  these  maps  render  unnecessary  any  written  description  of 
the  extent  of  the  various  rocks,  but  it  will  be  needful  to  say  something 
as  to  their  lithological  constitution  and  their  stratigraphical  relations. 
This  will  be  done  as  briefly  as  possible,  only  in  the  case  of  some  of  the 
rock  groups  more  intimately  connected  with  the  subject  under  considera- 
tion it  will  be  requisite  to  go  somewhat  into  detail  before  some  of  the 
arguments  to  be  brought  forward  hereafter  can  be  fully  appreciated. 

Granite  is  found  only  at  one  point,  as  shown  at  g  g,  Plate  XVIII. 
It  is  known  as  the  Eskdale  granite,  from  the  fact  that  it  is  mainly  found 
in  that  locality.  Its  colour  varies  from  grey  to  red,  according  to  the 
colour  of  its  felspar.  Several  deposits  of  hematite  have  been  worked  in 
it,  but  only  one  to  any  extent,  that  is  the  vein  in  Nab  Gill,  near  the  Boot, 
in  Eskdale.  The  composition  of  this  rock,  as  given  in  the  "Survey 
Memoir  of  the  Lake  District"  (northern  part),  is  as  follows : — 
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Silica            73-573 

Alumina       13750 

Lime            1*064 

Magnesia      ,.         ...         ...         ...         ...  '396 

Potash          3-512 

Soda             4-315 

Ferrous  oxide          ...         ...         ...         ...  2'103 

Ferric  oxide             ...         ...          ...         ••■  '615 

Phosphoric  acid      ...          ...          ...          ...  '012 

Sulphuric  acid         ...  ...  ...  ...  

Carbonic  acid           ...          ...          ...          ...  trace 

Water  (loss  on  ignition)    ...          ...          ...  "660 


100-000 
Skiddaw  Slate  forms  much  of  the  high  ground  near  Ennerdale,  in 
the  N.E.  portion  of  the  district,  and  also  the  mountain  of  Black  Comb  in 
the  south.  (Plate  XVIII.)  It  may  be  looked  upon  as  the  basement 
rock  of  the  district.  It  consists  of  bluish,  greenish,  and  purply-grey 
mudstones,  and  greyish  grits,  which  are  sometimes  spotted  with  purple  or 
brown.  Neither  of  these  rocks  are  much  used  for  economic  purposes, 
partly  on  account  of  the  ease  with  which  the  atmosphere  and  other 
meteoric  agencies  act  upon  them,  and  partly  on  account  of  their  being  so 
much  split  up  by  joints.  Their  thickness  is  uncertain,  but  has  been 
variously  estimated  at  from  5,000  to  10,000  feet.  Owing,  however,  to 
the  great  similarity  of  the  beds,  and  the  consequent  difficulty  of  detecting 
faults,  their  real  thickness  is  probably  less.  For  the  same  reason  the 
succession  of  beds  has  not  yet  been  properly  ascertained,  so  that  it  is 
impossible  to  be  quite  sure  of  the  horizon  of  many  of  them.  They  are 
generally  inclined  at  high  angles,  which  vary  both  in  direction  and 
amount.  In  ten  square  yards  of  ground  they  have  been  seen  to  dip  to 
the  four  principal  points  of  the  compass,  at  angles  with  the  horizon 
varying  from  45  to  80  degrees.  They  are,  moreover,  much  split  up  by 
joints,  which  range  themselves  into  two  sets — one  set  running  about  15 
degrees  N.E.  and  S.W.,  and  the  other  about  37  degrees  N.W.  and  S.E. 
Sometimes  the  dip  and  strike  of  the  strata  correspond  with  one  of  these 
sets  of  joints.  The  rocks  have  then  a  flaggy  appearance;  but  more 
generally  the  beds  are  intersected  by  both  sets,  in  which  case  the  rocks, 
owing  to  their  thin  bedding,  have  a  very  broken  appearance.  Hematite 
lias  been  found  in  this  group  at  several  places,  but  in  workable  quantity 
only  at  Kelton  Fell  and  Knockmurton. 

The  composition  of  the  Skiddaw  Slate  as  it  exists  at  Red  Pike,  not  far 
from  Knockmurton,  is  given  in  the  "Lake  District  Memoir"  as  Follows: — 
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Silica            54-480 

Alumina       20720 

Lime            ...         ...          ...          ...         ...  l-624 

Magnesia T946 

Potash          3-203 

Soda 6-217 

Ferrous  oxide          8-188 

Ferric-  oxide             ...          ...          ...          ...  '988 

Phosphoric  acid      ...          ...          ...          ...  "569 

Sulphuric  acid         ...          ...          ...          ...  trace 

Carbonic  acid          ...         ...         ...          ...  trace 

Carbonaceous  matter          ...          ...         ...  "361 

Water          L704 

100-000 

Borrowdale  Series. — The  volcanic  lavas  and  ashes  of  this  series, 
usually  known  as  the  Green  Slates  and  Porphyries,  form  the  remaining 
portion  of  the  high  ground  in  the  eastern  side  of  the  district.  It  is 
through  these  rocks  that  the  Eskdale  granite  last  rises  in  its  passage  to 
the  surface,  as  shown  in  Plate  XVIII.  and  Plate  XXL,  Fig.  1.  Hematite 
has  been  found  in  the  series  at  a  great  many  places,  but  only  in  very  small 
quantity,  so  small,  indeed,  that  it  has  never,  so  far  the  writer  knows,  been 
worked. 

Coniston  Series. — These  consist  of  Coniston  Limestone,  Coniston 
Grits,  and  Coniston  Flags,  and  occupy  but  a  small  area  in  the  southern 
part  of  the  district.  The  limestone  formation  occurs  sometimes  as  one  solid 
bed  of  limestone,  at  others  it  is  found  in  somewhat  thinner  beds,  which 
are  interstratified  with  limey  shales.  It  is  generally  of  a  deep  blue-grey 
colour,  and  some  of  the  more  shaley  portions  weather  very  much.  Usually 
it  is  inclined  at  very  high  angles,  sometimes  being  nearly  on  end.  The 
grits  and  flags  are  of  a  very  hard  and  durable  nature,  and  are  much  used 
for  building  purposes.  They  occur  alternately  throughout  the  upper  part 
of  the  series.  Hematite  is  not  abundant  in  these  rocks,  but  in  the  lime- 
stone at  Water  Blean  a  deposit  has  been  worked  for  some  time.  The 
writer  is  not  aware  that  any  has  been  found  in  the  grits  and  flags. 

Carboniferous  Limestone. — This  is  the  most  important  group  of 
rocks  in  the  district,  as  in  it  are  found  those  immense  deposits  of  Hema- 
tite through  which  the  district  has  become  so  famous.  It  rests  transgres- 
sively  on  the  denuded  edges  of  the  Silurians,  lying  sometimes  on  the 
Skiddaw  Slate,  as  in  the  northern  part  of  the  district.  (Plate  XXL, 
Fig.  2.)  At  other  times  it  may  be  found  upon  the  Borrowdale  or  Coni- 
ston Series,  as  between  Silecrof't  and  Millom. 
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It  dips  to  the  west  or  north-west,  at  angles  varying  from  12  to  80 
degrees  with  the  horizon,  and  may  be  said  generally  to  consist  of  alterna- 
tions of  limestone,  sandstone,  and  shale.  The  limestone  is  the  most  fully 
developed,  and  in  the  northern  part  of  the  district  occupies  about  two- 
thirds  of  the  whole  group.  From  the  correlation  of  a  great  number  of 
sections  which  have  been  obtained,  either  by  boring  or  sinking  between 
Rowrah  and  Egremont,  the  writer  considers  that  it  may  be  divided  into 
six  distinct  beds,  as  shown  in  Plate  XXL,  Fig.  3. 

*The  thicknesses  of  these  limestone  beds  arc  as  follows  : — 

Ft.  Ft. 
First  or  Langhorn  Limestone  (one  solid  bed  of  Limestone)  ...  36  to  60 
Second  do.  do.  ...     15  to    24 

Third  or  Clints  Limestone  (split  np  variously  in  different  parts 

of  the  district  by  minor  beds  of  shale,  etc.)  . . .  250  to  330 

Fourth  Limestone  do.  do.  do.  50  to    70 

Fifth  do.  do.  do.  do.  58  to    70 

Sixth  or  Bottom  Limestone  do.  do.  90  to  135 

As  a  rule,  the  First  Limestone  is  thicker  about  Bigrigg  than  in  the 
Winder  locality ;  but,  on  the  other  hand,  the  Third  Limestone  is  thicker 
at  Winder  than  about  Bigrigg.  The  other  beds  do  not  vary  much  in  the 
two  localities.  The  greatest  thickness  known  to  the  author  as  having 
been  proved  at  one  point  is  758  feet ;  this  was  at  Winder  Gill,  with  the 
diamond  rock  borer.  The  whole  six  beds  were  passed  through,  the  last 
one  resting  upon  the  Skiddaw  Slate.  At  Bigrigg  the  whole  of  the  beds 
have  not  yet  been  passed  through  at  one  point,  but  by  adding  together 
different  sections  the  thickness  of  the  Limestone  Series  there  is  found  to 
be  about  620  feet. 

The  strata  separating  the  various  beds  of  limestone,  as  shown  by  the 
darker  bands  in  Plate  XXL,  Fig.  3,  consist  of  alternations  of  shale  and 
sandstone,  and  sometimes  a  thin  layer  or  two  of  limestone ;  but  these 
beds  follow  no  regular  order  in  the  different  parts  of  the  district.  This  is 
illustrated  by  the  thick  mass  separating  the  Second  and  Third  Limestones. 
About  Winder  this  intermediate  bed  consists  mainly  of  dark  shale.  At 
Bigrigg  it  is  nearly  all  sandstone,  whilst  between  these  two  places  it  is 
made  up  of  both  shale  and  sandstone  in  varying  proportions,  the  sand- 
stone becoming  less  and  the  shale  thicker  as  Winder  is  approached. 

At  the  south  end  of  the  district,  that  is  about  Millom,  these  rocks  have 
not  been  very  well  proved;  but  they  seem  to  follow  the  form  of  develop- 
ment of  the  Furness  rocks  rather  than  of  those  just  described.  There 
the  group  consists  of  four  principal  divisions :  the  basement  conglomerate, 
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usually  considered  as  belonging  to  the  Old  Eed  Sandstone  ;  then  a  thick 
mass  of  red  limey  shales,  with  thin  beds  of  limestone,  above  which  there 
is  a  great  mass  of  limestone,  with  irregular  partings  of  red  and  grey  shale; 
and  the  group  is  terminated  upwards  by  a  considerable  thickness  of  black 
Yoredale  shales,  with  which,  in  the  lower  part,  are  intercalated  a  few  beds 
of  limestone,  and  in  the  upper  part  some  beds  of  sandstone.  Its  total 
thickness  has  been  proved  to  be  over  2,200  feet. 

In  Millom,  only  the  Thick  Limestone  of  Furness  has  been  proved  so 
far,  but  there  is  every  probability  that  both  the  underlying  shales  and  the 
basement  conglomerate  exist  there,  as  they  have  been  found  on  the 
opposite  side  of  the  Duddon  Estuary. 

As  already  stated,  hematite  is  found  very  abundantly  in  those  rocks. 
In  the  southern  point  of  the  district  two  very  large  deposits  occur  in  the 
Thick  Limestone  at  Hodbarrow,  and  in  the  north  it  has  been  found  in 
each  of  the  six  beds,  and  deposits  of  more  or  less  importance  have  been, 
or  are  now  being  worked  in  them.  A  few  of  these  deposits  may  perhaps 
be  conveniently  mentioned  here. 

In  the  First  or  Langhorn  Limestone  there  are  (1)  The  Winder  Gill 
deposit ;  (2)  The  Flat  ore  at  Agnes  Pit ;  (3)  The  Parkside  and  Crossgill 
deposit ;  (4)  The  Crowgarth  deposit ;  (5)  The  top  deposits  at  Bigrigg ; 
and  (6)  part  of  the  TVoodend  deposits. 

In  the  Second  Limestone  there  is  the  second  deposit  at  Bigrigg. 

In  the  Third  or  Clints  Limestone  there  are  (1)  Wyndham  Pit  deposit; 
(2)  some  of  the  Woodend  deposits;  (3)  some  of  the  Montreal  deposits;  (4) 
the  deposit  worked  by  the  Mowbray  Co.'s  No.  2  Pit ;  and  (5)  the  Salter 
Hall  deposit. 

In  the  Fourth  Limestone  there  are  (1)  The  Salter  and  Eskett  Park 
No.  7  Pit  deposit;  (2)  the  upper  deposit  worked  by  the  Crossfield  Co.'s 
No.  3  Pit. 

In  the  Fifth  Limestone  there  is  the  deposit  worked  by  the  Salter  and 
Eskett  Park  Co.'s  No.  5,  8,  and  9  Pits. 

In  the  Sixth  or  Bottom  Limestone  there  are  (1)  lower  deposit  worked 
by  the  Crossfield  Co.'s  No.  3  Pit;  (2  and  3)  the  deposits  worked  by  the 
Nos.  10  and  11  Pits  of  Messrs.  Bain  &  Co.;  (4)  lower  deposit  in  up  side 
of  fault  at  Mr.  Postlethwaite's  Eskett  Pits. 

From  this  it  will  be  seen  that  there  is  a  very  wide  difference  in  the 
geological  level  of  the  deposits.  Owing,  however,  to  the  tilted  position  of 
the  limestone,  the  way  in  which  it  is  dislocated  by  faults  and  the  extent  to 
which  it  has  been  denuded,  this  difference  in  geological  level  does  not  affect 
their  absolute  level,  as  many  of  the  deposits  in  the  lower  beds  are  quite  as 
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near  to  the  surface  as  those  which  occur  in  the  higher  beds.  For  instance 
at  Crossfield  and  Todholes  deposits  are  found  in  the  Bottom  Limestone  so 
near  the  surface  that  they  have  been  worked  by  "  open  cuts,"  and,  as  will 
hereafter  be  seen,  deposits  of  ore  are  not  unfrequently  found  on  the  same 
absolute  level  (but  on  opposite  sides  of  a  fault),  which  are  in  totally  different 
beds  of  limestone. 

Millstone  Grit  occurs  only  in  the  northern  part  of  the  district.  It 
consists  of  alternations  of  shales  and  sandstones,  which  are  very  variable 
in  thickness  and  not  very  persistent.  The  bottom  bed — that  resting  on 
the  first  Limestone — is,  however,  an  exception,  as,  so  far  as  the  writer 
knows,  it  is  invariably  a  sandstone,  with  sometimes  a  thin  parting  of  shale 
below  it.  At  Parkside  these  rocks  have  been  proved  to  be  over  450  feet 
thick.  They  seem,  however,  to  be  much  thinner  as  the  distance  from  the 
hills  increases.  At  John  Pit,  in  the  Harrington  Coal-field,  the  Carboni- 
ferous Limestone  was  proved  at  thirty  fathoms  below  the  Udale  Band, 
so  that  if  the  grits  are  supposed  to  have  been  immediately  below  that  seam, 
their  thickness  could  not  possibly  have  been  more  than  180  feet.  At 
Bigrigg  their  greatest  known  thickness  is  about  250  feet. 

Very  little  hematite  occurs  in  these  rocks,  although  in  places  it  has 
been  worked  in  connection  with  these  deposits  in  the  Top  Limestone. 
From  these  latter  deposits  it  runs  in  thin  strings  into  the  bottom  bed  of 
sandstone  which  forms  the  base  of  the  grits. 

The  Coal-Measures  are  divisible  into  two  parts,  which  are  unconfor- 
mable to  one  another,  as  shown  in  Plate  XXL,  Fig.  1.  First — The  lower 
portion  is  made  up  of  alternations  of  sandstone  and  shale  of  the  prevailing 
dark  colour,  amidst  which  occur  numerous  bands  of  fire  clay,  coal,  and  clay- 
band  ironstone.  The  greatest  thickness  of  this  portion  of  the  Coal- 
measures  is  about  1,100  feet,  in  which  there  are,  at  least,  twenty-six  seams 
of  coal.  It  forms  by  far  the  largest  portion  of  the  Coal-measures,  and 
may  be  looked  upon  as  the  productive  part  of  the  Cumberland  Coal-field. 
Second — The  upper  portion  of  the  series,  called  the  Whitehaven  Sand- 
stone, consists  of  alternations  of  reddish  and  dark  shales,  and  purple,  grey, 
and  white  sandstone.  With  the  dark  shales  there  is  sometimes  a  little 
coal.  The  sandstones  usually  contain  a  number  of  plant-like  remains  and 
clayey  nodules,  both  of  which  are  highly  charged  with  peroxide  of  iron. 
In  the  beds  of  sandstone  near  the  base  of  the  formation,  grains  of  white 
quartz  are  occasionally  found  as  large  as  a  good-sized  pea,  which  are  in 
some  cases  scattered  sparsely  through  the  sandstone,  whilst  in  others 
they  are  so  closely  packed  as  to  give  it  the  appearance  of  a  breccia.  In 
some  places  between  the  interstices  of  the  rock  there  is  a  considerable 
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quantity  of  specular  iron  in  minute  scales.  In  the  same  beds  nodules 
of  compact  hematite  are  met  with.  Like  the  grits,  the  Whitehaven  Sand- 
stone seems  to  thicken  in  an  easterly  direction.  At  Croft  Pit  it  is  only 
171  feet.    At  Bigcroft  it  is  239  feet  thick. 

The  extent  of  the  unconformity  that  exists  between  the  two  parts  of 
the  group  may  be  judged  from  the  fact  that  at  Croft  Pit  the  Whitehaven 
Sandstone  overlies  the  whole  of  the  lower  Coal-measures,  whilst  at  Rowrah 
it  is  down  upon  the  Millstone  Grit.  Plate  XXII.,  Fig.  1,  is  a  section 
between  Croft  and  Wreah  Pits,  in  the  Whitehaven  Coal-field.  At  the 
former  pit  the  seam  of  coal  known  as  the  Main  Band  is  475  feet  below  the 
Whitehaven  Sandstone,  whilst  at  Wreah  Pit,  only  two-and-a-quarter  miles 
away,  it  is  not  more  than  60  feet  below. 

In  this  group  hematite  has  only  been  found  in  workable  quantities  at 
Millyeat,  in  the  Whitehaven  Sandstone.  Its  existence  in  those  rocks  has 
a  very  important  bearing  on  much  that  has  hereafter  to  be  said,  so  that 
it  is  proposed  to  give  one  or  two  sections  to  show  the  succession  of  beds 
and  the  exact  horizon  on  which  the  hematite  occurs.  Unfortunately 
information  of  that  sort  is  very  scarce  where  it  would  be  most  desirable  to 
have  it.  The  only  section  that  has  come  to  the  author's  knowledge,  ob- 
tained at  one  point,  is  the  journal  of  a  bore-hole,  that  was  put  down,  in 
search  of  this  hematite,  between  Millyeat  and  Weddiker.  It  is  as 
follows : — 

No.  I.  SECTION. 

Fma.    Ft.    In. 

1. — Superficial  deposits 

2.— Breccia  

3. — Grey  sandstone 

4. — Red  shale 

5. — Grey  sandstone 

6. — Red  shale 

7. —     Do.         with  iron  ribs 

8.—     Do.  

9, — Sandstone 
10. — Red  and  white  shale 
1 1 . — Sandstone 

12.— Red  shale       

13. — Sandstone 

14.— Red  sandy  shale       12     4  37     3     3 


Fms. 

Ft.    In. 

3     0 

10 

3     0 

1 

5     0 

2 

1     0 

2     0 

9 

0     8 

4 

7 

0  10 

2     6 

1     3 

2     6 

3 

0  10 

2     0 

1 

2     4 

Thickness  of  Whitehaven  Sandstone  passed  through  ...  26     3     3 

At  Croft  Pit  these  rocks  were  passed  through  immediately  below  the 
Maunesian  Limestone.     The  section  is  as  follows  : — 


ins. 

Ft. 

in. 

1 

6 

•z 

6 

7 

0 

6 
6 

8 

4 

0 

4 

5 

9 
9 
9 

2 

1 

0 

1 

0 

4 

0 

3 

5 

3 

28 

3 

6 
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No.  II.  SECTION. 
Magnesian  Limestone. 

1. — Soft  red  sandstone 

2. — Red  shale  with  layers  of  .sandstone    ... 
3. — Red  sandstone  ... 
4. — Soft  red  shale   ... 

5.— Red  shale 

6. — Reddish  grey  sandstone 

7. — Lumpy  red  sandstone,  speckled  with  white 

8. — Blue  shale,  speckled  with  coal 

9. — Red  soapy  shale 
10. — Black  shale,  with  a  small  appearance  of  coal  under  it 
11. — Ash-coloured  shale 
12. — Purple  shale,  striated  with  sandstone 

Total  thickness  of  Whitehaven  sandstone  at  this  point 

The  succession  of  beds,  as  near  as  can  be  ascertained,  from  the  scanty 
outcroppings  visible  at  Millyeat,  is  as  follows  : — 

SECTION  No.  III. 

1. — Grey  sandstone. 

2. — Liver-coloured  shale. 

3. — Grey  sandstone. 

The  iron  ore  is  in  No.  2  of  this  section  which  doubtless  is  the  same  as 
beds  G,  7,  and  8  of  Section  No.  1,  and  as  beds  4  and  5  in  Section  No.  2, 
so  that  the  Millyeat  ore  may  be  said  to  be  about  the  middle  of  the  White- 
haven Sandstone. 

Breccia. — This  lowest  representative  of  the  Permians  in  this  district 
consists  of  fragments— some  angular,  others  rounded — of  all  the  rocks  that 
have  just  been  described.  As  shown  in  Plate  XIX.  and  in  Fig.  1 ,  Plate  XXL, 
it  is  unconformable  to  all  the  underlying  formations.  Its  thickness  seems 
to  increase  as  the  hills  are  approached.  In  Demesne  Gill,  on  the  road  from 
Whitehaven  to  St.  Bees,  where  it  is  overlaid  by  the  Magnesian  Limestone, 
it  is  only  nine  feet  thick,  whilst  at  Winder,  with  a  denuded  top,  it  has 
been  proved  to  be  400  feet. 

Hematite  occurs  in  this  formation  in  the  form  of  rounded  and  angular 
fragments  mixed  up  promiscuously  with  the  other  rocks.  At  times  these 
hematite  fragments  are  very  numerous,  and  the  "  Miners"  then  call  the 
formation  "  iron  gravel,"  or  "  gravel  ore."  It  has  in  one  or  two  cases 
actually  been  worked  for  the  iron  it  contains. 

Magnesian  Limestone  and  St.  Bees  Sandstone. — Neither  of  these 
formations,  so  far  as  can  be  seen,  have  any  bearing  on  the  subject,  so  that 
it  will  be  unnecessary  to  say  anything  about  them. 
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Superficial  Deposits. — The  chief  point  of  interest  presented  by 
these  beds  at  present  is  that  they  frequently  rest  directly  upon  the  deposits 
of  hematite.  They  also  contain  a  number  of  fragments  and  boulders  of 
hematite  among  the  numerous  rocks  that  compose  their  gravels  and 
boulder  clays,  some  of  which  fragments  are  polished  and  striated.  Their 
thickness  in  some  places  exceeds  140  feet. 

Before  closing  this  introductory  notice  it  would  be  profitable  to  glance 
for  a  few  moments  at  some  of  the  more  salient  points  in  the  Geological 
history  of  the  district.  It  will  be  seen,  first  of  all,  that,  after  the  long 
period  of  deposition  in  which  the  vast  mass  of  Silurians  were  thrown  down, 
there  succeeded  a  period  of  upheaval  and  severe  denudation,  in  which  those 
rocks  were  much  dislocated  and  inclined,  and  a  great  part  of  them  removed. 
Then  came  a  submergence  and  the  putting  on  of  the  Carboniferous  rocks 
over  the  edge  of  the  tilted  and  eroded  Silurians.  Layer  after  layer  of 
these  rocks  were  laid  on  until  the  huge  pile  included  the  Limestone,  the 
Grits,  and  the  productive  Coal-measures.  A  second  period  of  elevation 
and  denudation  then  set  in,  and  the  newly-formed  Carboniferous  strata 
were  fractured,  uplifted,  and  inclined.  At  once  meteoric  and  other  kindred 
agencies  commenced  on  them  their  work  of  destruction,  which  was  con- 
tinued without  interruption  until  the  quickly  disappearing  rocks  were 
again  submerged.  The  Whitehaven  Sandstone  was  then  spread  out  over 
their  eroded  edges  and  the  long-continued  Carboniferous  era  thus  brought 
to  a  close.  In  a  short  time  another  upward  movement  was  effected;  this 
sandstone  was  eroded,  and  after  a  time  sunk  into  the  Permian  Sea,  where 
it  was  unconformably  covered  by  the  Breccia,  the  Magnesian  Limestone, 
and  the  St.  Bees  Bed  Sandstone.  Another  rise  then  took  place,  the  rocks 
reared  their  heads  from  out  the  "  irony  waters,"  and  there  they  stood,  thence 
onward  to  the  "great  ice  age,"  subjecting  themselves  to  a  continuous 
attack  of  those  meteoric  forces  by  which  they  have  been  slowly  moulded  to 
their  present  form. 

PART  II.— POSITION,  FORM,  AND  INNER  NATURE  OF  THE  DEPOSITS. 

Deposits  in  the  Eskdale  Granite. — These  are  somewhat  numerous, 
but  not  of  any  great  importance  commercially.  The  principal  deposit 
hitherto  worked  is  near  the  Boot  in  Eskdale.  Another,  but  much  smaller, 
deposit  was  worked  near  the  "  King  of  Prussia,"  in  the  same  valley.  They 
are  all  very  much  alike,  both  in  form  and  inner  nature,  so  that  the  one 
at  Boot,  which  has  been  most  worked,  may  be  taken  as  typical.  The 
form  of  this  deposit  is  that  of  a  vein.  Its  direction  is  nearly  north  and 
south,  and  it  "  hades"  to  the  east  at  angles  varying  from  G5  to  80  degrees 
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with  the  horizon.  Tn  that  part  of  it  which,  so  far  as  is  known,  is  most 
fully  developed,  its  existence  is  indicated  on  the  surface  by  a  small  ravine 
known  as  Nab  G-hyll,  which  runs  down  the  southern  side  of  the  mountain 
that  lies  between  Eskdale  and  the  upper  end  of  Miterdalc.  The  ore  is 
worked  by  levels  driven  into  the  hill  at  various  heights,  as  shown  in  Fig. 

2,  Plate  XXII.,  which  is  a  longitudinal  section  of  the  vein.  From 
this  section  it  will  be  seen  that  the  ore  is  not  continuous  throughout 
the  vein,  but  that,  as  in  most  mineral  veins,  it  occurs  in  "bunches" 
or  "  bellies."  These  bunches  are  usually  thickest  near  their  centre,  whence 
they  thin  off,  or,  as  the  miners  express  it,  "  nip  out,"  gradually  towards 
the  edges.  Between  the  bunches  there  is  invariably  a  "leader,"  but  it 
contains  very  little  ore,  sometimes,  in  fact,  none  at  all,  being  merely  a 
strong  joint.  The  length  of  vein  that  has  been  worked  up  to  the  present 
time  is  about  200  fathoms,  and  the  depth  to  which  the  ore  has  been  found 
to  extend  below  the  surface  is  about  fifty  fathoms.  The  greatest  width  of 
the  vein  has  been  about  20  feet,  including  11  feet  of  "  horse,"  or  "  rider." 
This  was  near  the  surface.  Further  down  it  is  much  narrower,  and  ap- 
pears to  die  out  altogether  at  a  depth  of  fifty  fathoms.  It  is,  in  fact,  a 
"  gash"  vein.     A  section  of  it  at  the  surface,  as  seen  in  No.  1  Quarry  (Fig. 

3,  Plate  XXII.),  is  shown  in  Fig.  3.  It  will  be  observed  that  at  this 
point  the  vein  consists  of  four  distinct  lots  of  ore,  separated  from  one 
another  by  three  ribs  of  "horse"  or  "rider."  The  "hade"  of  the  ore,  as 
well  as  its  "  direction"  horizontally,  agrees  exactly  with  that  of  the  large 
joints  (d)  intersecting  the  granite.  These  joints  are  very  strong  and 
persistent,  and  give  the  granite  at  a  distance  the  appearance  of  bedded  rocks 
standing  on  end.  The  beautiful  ravine,  on  the  opposite  side  of  the  valley, 
called  Stanley  Ghyll,  seems  to  have  been  cut  out  along  these  points.  Fre- 
quently, from  the  main  line  of  ore,  small  strings  of  it  are  found  branching 
out  into  the  granite  along  some  of  the  minor  joints  by  which  this,  in 
common  with  other  granites,  is  also  intersected.  If  two  of  these  strings 
cross  one  another  a  small  branch  is  formed. 

Near  the  surface,  the  "  cheeks"  of  the  vein  are  very  much  decomposed, 
being  mostly  so  adjoining  the  ore,  whence  the  granite  becomes  harder  and 
harder,  until  at  a  distance  of  a  foot  or  two  from  the  vein  it  assumes  its 
normal  condition.  The  same  thing  occurs  as  the  vein  is  penetrated,  only 
the  amount  of  decomposition  and  the  distance  to  which  it  extends  into 
the  cheek  becomes  less  and  less  in  depth,  until  a  few  fathoms  below  the 
ore  is  reached,  where  the  granite  seems  to  be  very  little,  if  at  all,  altered. 
It  is  also  observable  that  the  cheeks  are  more  decomposed  where  the  vein 
contains  ore  than  where  it  is  barren. 
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Those  parts  of  the  veins  marked  c  in  Fig-.  3  are  not  solid  masses  of 
hematite  but  a  mixture  of  red  earthy-looking  ore,  hard  fibrous  kidney  of 
a  purplish  tint,  black  oxide  of  manganese,  reddish  clay,  grains  of  quartz 
similar  to  those  in  the  granite,  and  pieces  of  more  or  less  decomposed 
granite.  Generally  these  various  materials  are  arranged  in  broken  lines 
parallel  to  the  sides  of  the  lode,  as  shown  at  c"  in  Fig.  3.  Some  of  the 
more  earthy-looking  ore  contains  pieces  of  decomposed  felspar,  and  it  is 
sometimes  possible  to  trace  this  ore,  on  the  one  hand,  into  hard  pure  kid- 
ney, and  on  the  other  into  granite  but  very  little  altered — that  is  to  say, 
there  seems  to  be,  in  such  a  case,  a  gradual  transition  from  granite  to 
pure  hematite.  Some  pieces  of  ore  have  been  obtained  from  this  mine 
having  the  appearance  of  "  ring  ore."  They  are  usually  less  than  an  inch 
in  diameter,  and  in  cross  section  present  a  number  of  concentric  rings, 
somewhat  like  the  annual  layers  of  an  exogenous  tree.  Down  the  centre 
there  is  frequently  a  hole  as  if  the  substance  around  which  they  seem 
to  have  been  formed  had  disappeared. 

Deposits  in  the  Skiddaw'  Slate. — At  one  place  only  has  hematite 
been  worked  successfully  in  these  rocks — that  is  at  Eel  ton  Fell  and  Knock- 
murton,  two  adjoining  properties  on  one  of  the  hills  near  Ennerdale  Lake, 
in  the  N.E.  part  of  the  district.  The  ore  there  occurs  in  the  form  of  veins 
as  at  Eskdale,  but  in  two  sets,  one  running  about  37  degrees  N.W.  and 
S.E.,  and  the  other  about  15  degrees  N.E.  and  S.W.  Seven  separate  prin- 
cipal veins  have  been  more  or  less  worked,  five  of  which  have  the  former 
direction  and  two  the  latter.  They  all  "  hade"  towards  the  east  at  angles 
varying  from  45  degrees  to  80  degrees  with  the  horizon.  The  greatest 
length  that  has  been  worked  on  any  of  them  is  about  240  fathoms,  and 
the  greatest  depth  56  fathoms. 

The  ore  is  not  continuous  but  occurs  in  irregular  detached  masses  or 
"  bunches,"  as  at  Eskdale  (Fig.  2,  Plate  XXII.)  These  masses  are  thickest 
near  their  centre,  having  been  known  at  Kelton  No.  1  Vein  to  be  as  much  as 
23  feet,  but  in  this  there  was  about  nine  or  ten  feet  of  "  rider."  Usually  they 
vary  from  two  to  ten  feet,  and  thin  off  gradually  from  the  centre  to  their 
extremities.  Exceptions  to  this  are  occasionally  met  with,  and  the  ore 
terminates  very  abruptly,  as  shown  in  Fig.  1,  Plate  XXI 1 1.,  which  is  a 
vertical  section  through  the  lower  part  of  one  of  these  bunches  in  No.  1 
Vein,  Ivnockmurton.  Some  of  the  bunches  are  over  fifty  fathoms  in  length. 
Between  them  the  vein  is  nearly  barren;  sometimes,  in  fact,  quite  so, 
there  being  only  a  strong  point  or  two  to  mark  its  existence. 

At  Eskdale  it  has  been  seen  that  the  vein  is  widest  at  the  surface,  be- 
coming gradually  narrower  as  it  goes  further  down.     Here  it  is  so,  too,  in 
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some  cases,  but  in  others  the  greatest  width  of  the  veins  appears  to  be  at 

some  fathoms  below  the  surface. 

From  what  has  been  previously  said  respecting  the  joints  traversing 
the  Skiddaw  slates,  and  more  recently  as  to  the  bearing  of  these  veins,  it 
appears  that  the  two  are  exactly  parallel  both  in  direction  and  "  hade."  In 
the  mine  this  may  be  often  very  well  observed  directly,  especially  where 
there  is  a  narrow  string  of  ore  occurring  interruptedly,  for  it  can  then  be 
seen  most  distinctly  that  the  ore  actually  occurs  in  these  joints,  which  by 
some  means  have  been  enlarged.  This  correspondence  may  also  be  seen 
in  any  of  the  small  strings  which  branch  out  from  the  sides  of  the  main 
veins.  It  was  previously  stated  that  one  set  of  joints  sometimes  coincides 
with  the  dip  and  strike  of  the  strata.  When  that  is  so,  and  ore  occurs 
along  the  joints,  the  deposit  has  a  bed-like  form,  as  shown  in  Fig.  1,  Plate 
XXIII.,  being  in  fact  a  "  bedded  veiu." 

At  the  surface  the  "  cheeks"  of  the  vein  are  very  much  altered  from 
the  normal  condition  of  such  rocks,  being  softer  and  more  broken  up ;  but, 
as  they  get  deeper  they  become  harder  and  less  altered.  They  are,  more- 
over, less  changed  in  those  parts  of  the  vein  which  are  barren  than  in  the 
productive  parts. 

The  ore  is,  as  a  rule,  much  less  mixed  with  extraneous  matter  than 
that  of  the  veins  in  the  granite.  Like  them,  however,  everything,  be  it 
ore  or  not,  is  arranged  in  lines  parallel  to  the  "  cheeks."  Usually  a  layer 
of  hard  kidney  ore  is  found  running  along  both  cheeks  in  concretions 
about  an  inch  or  two  thick,  the  central  part  of  the  vein  being  filled  with 
softer  ore,  as  in  Fig.  2,  Plate  XXIII.  Along  the  cheeks  of  some  of  the 
narrower  veins,  and  near  the  surface,  are  loughs  filled  with  "combed"  white 
quartz,  and  between  these  soft  earthy  ore  has  been  found.  Some  of  the  ore 
in  the  centre  of  the  veins  is  broken  kidney,  which  is  quite  rotten,  and  lies 
in  the  most  confused  manner  among  ore  of  an  earthy  nature.  Broken 
kidney  ore  is  also  met  with  embedded  in  brown  spar,  as  shown  in  Fig.  3, 
Plate  XXIII.     It  appears  then  to  be  in  what  was  originally  a  "  lough." 

Most  of  the  kidney  ore  next  the  "  cheeks"  has  the  convex  side  of  the  con- 
cretions turned  towards  the  vein,  but  sometimes  it  is  set  in  the  opposite 
direction  and  faces  the  "cheek,"  seeming  as  if  the  different  layers  had  been 
put  on  from  the  centre  outwards.  In  some  of  the  wider  veins  layers  of  hard 
massive  ore  occur.  They  are  parallel  to  the  "  cheeks,"  and  in  some  cases 
three  or  four  feet  wide,  the  remainder  of  the  vein  being  soft  ore,  as  above 
described.  "  Loughs"  are  frequently  met  with  in  the  ore,  as  shown  at  c, 
Fig.  2.  The  sides  of  these  loughs  are  composed  of  kidney  ore,  and  they 
often  contain  a  quantity  of  minute  crystals  of  quartz,  some  of  which  are 
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coloured  red  by  peroxide  of  iron.     Here  too,  as  at  Eskdale,  some  of  the  ore 
assumes  the  ring  form,  and  some  of  it  is  quite  soft  and  micaceous. 

One  other  feature  of  these  veins  remains  to  be  noticed  and  that  is  the 
occurrence  in  them  of  ribs  of  "  rider"  and  small  pieces  of  slate.  The 
"  rider"  or  "  riders"  (for  sometimes  there  is  more  than  one)  are  of  the 
country"  rock,  much  decomposed,  and  have  the  same  "  hade"  as  the  vein. 
The  small  pieces  of  slate  lie  scattered  here  and  there  through  the  ore. 
Some  of  them  are  very  much  decomposed,  others  are  so  deeply  impreg- 
nated with  peroxide  of  iron  as  to  be  almost  indistinguishable  from  the  more 
earthy  ore  in  which  they  lie,  whilst  some  appear  to  be  very  little  altered. 
Fig.  4,  Plate  XXIII.,  shows  the  way  in  which  the  smallest  of  these  frag- 
ments are  sometimes  embedded  in  the  ore,  giving  it,  at  a  distance,  the 
appearance  of  a  porphyritic  rock. 

The  tender  nature  of  the  "  cheeks "  renders  it  somewhat  difficult  to 
keep  the  ore  clean,  otherwise  it  is  of  excellent  quality,  as  shown  by  the 
following  analysis : — 

Peroxide  of  iron 89-21 

Siliceous  matter 707 

Water  and  carbonic  acid  ...         ...  ...  2'53 

Lime,  alumina,  etc.  ...         ...  ...         ...  1*19 

100-00 
Iron  62-45 

This  was  in  all  probability  a  picked  specimen  free  from  mechanical  im- 
purities.    The  following  is  more  like  the  average  composition : — 

Deied  at  212°  Fah. 

Ferric  oxide          80*22 

Mauganous  oxide...         ...         ...         ...         ...  *04 

Alumina    ...         ...         ...         ...         ...         ...  '26 

Lime          1*64 

Magnesia  ...         ...         ...         ...         ...         ...  "03 

Phosphoric  acid    ...         ...         ...         "03 

Sulphur traces. 

*  Insoluble  siliceous  matter          16-70 

Carbonic  acid  and  water             1"20 


10012 
Iron  ...         ...         ...  ••         •■■         ...         56-15 

The  raw  ore  contains — 

Moisture 377 

Iron  5403 

*  Consisting  of— Silica 1310 

Alumina  3'60 

1670 
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Deposits  in  the  Coniston  Limestonk.  —  In  this  formation 
hematite  has  been  found,  and  at  one  place  in  such  quantity  as  to  induce 
persons  to  work  it— that  is  at  Water  Blean,  near  Millom,  in  the  southern 
part  of  the  district.  Much  of  the  ore  obtained  from  this  place  has  been 
used  as  a  pigment,  owing  to  its  high  red  colour,  but  a  considerable 
quantity  of  it  has  also  been  converted  into  iron.  The  principal  part 
of  this  paint  ore  was  obtained  from  a  cavity  in  the  limestone  immediately 
below  the  boulder  drift.  This  is  shown  in  Plate  XXIV.  That  part  of 
the  cavity  which,  in  Fig.  1,  is  bounded  by  a  full  line,  was  merely  a  dish- 
like hollow  in  the  limestone,  so  that  the  ore  was  lying  just  under  the 
boulder  drift.  The  part  shown  in  dotted  lines  had  a  cavernous  form,  and 
between  the  drift  and  the  ore  there  was  a  roof  of  limestone.  This  will 
be  further  explained  by  reference  to  sections  Figs.  2  and  3,  which  are 
sections  along  the  lines  A  B  and  C  D  respectively.  It  will  be  noticed 
that  some  portions  of  the  cavity  have  a  N.W.  and  S.E.  direction,  whilst 
others  have  a  N.E.  and  S.W.  course.  These  two  directions,  it  will  be 
further  noticed,  correspond  with  the  two  sets  of  joints  a"  and  a"'  by 
which  the  limestone  is  intersected.  Their  average  bearing  may  be  taken 
at  50  degrees  N.W.  and  S.E.,  and  40  degrees  N.E.  and  S.W.  Fig.  4  is 
a  section  along  E  F. 

Besides  the  ore  obtained  from  the  cavity  shown  in  Plate  XXIV.,  one 
or  two  short  vein-like  deposits  have  been  worked  which  extend  to  a  much 
greater  depth.  The  greatest  depth  yet  proved  on  any  of  them  is  17  fathoms, 
at  one  part  of  which  the  ore  has  been  worked  from  the  surface  to  a  depth 
of  13  fathoms  without  reaching  the  bottom.  As  in  the  veins  in  the  granite 
and  Skiddaw  slate,  the  ore  is  not  continuous,Jbut  occurs  in  short  "  bellies" 
somewhat  like  "  pipes"  or  "  chimneys."  The  greatest  width  yet  met  with 
has  been  about  14  feet.  This  was  at  the  surface.  Thirteen  fathoms  below 
that,  the  width  was  only  six  feet.  Between  the  "  bellies"  of  ore  in  the 
deposit  that  has  been  most  worked,  the  only  indication  of  a  vein  is  a 
strongly-marked  joint  which  forms  a  continuation  of  the  lying  "cheek"  of 
the  "  bellies."  The  "  nipping  out"  of  the  ore  and  the  consequent  forma- 
tion of  "  bellies"  results  from  a  closing  in  of  the  hanging  side — for  it 
cannot  be  caUed  a  "cheek" — upon  this  joint  which  maintains  an  undevi- 
ating  course.  The  direction  of  these  vein-like  deposits  is  the  same  as  that 
of  the  joints,  which  bear  50  degrees  N.W.  and  S.E.  The  "  hade"  is  like- 
wise the  same  in  both,  being  to  the  N.E. 

The  ore  is  not  much  mixed  with  the  "country"  rock  or  any  other 
foreign  substance.  That  from  the  vein-like  deposits,  especially  in  the 
deeper  parts  and  against  the  hanging  side,  is  generally  very  hard  and  of  a 
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bluish  iron  grey,  often  very  peculiarly  marked  by  dark  glistening  spots. 
The  ore  against  the  lying  "  cheek"  and  in  the  top  parts  generally  of  the 
vein-like  deposits,  as  well  as  in  the  shallow  deposit  shown  in  Plate  XXIV., 
is  somewhat  different,  being  softer  and  of  a  reddish  colour.  It  is  what  is 
called  the  paint  ore.     The  composition  of  the  harder  ore  is  as  follows: — 

Peroxide  of  iron  ...         ...         ...         ...          ...  65"31 

Protoxide       „  7"60 

Silica         796 

Alumina    ...  ...         .-.         ■•■          ■•■         ■■•  7"93 

Lime          ...  ■•■         ■••         •••         •••          •••  VQ2 

Moisture    ...  ...         •••         •••         •••         ■••  2-28 

Carbonic  acid  ...         ...         ...         ...         •••  730 

10000 
Iron  5163 

When  the  ore  comes  in  contact  with  the  limestone  there  is  sometimes 
a  well  defined  line  of  junction  in  the  form  of  a  joint  (being  in  fact  a 
selvage),  on  one  side  of  which  there  is  limestone,  and  on  the  other  ore. 
This  is  so  in  the  lying  side  of  the  vein-like  deposit  above  described,  and 
at  I  and  I",  Figs.  2  and  3,  Plate  XXIV.  In  other  cases  the  ore  and  stone 
seem  "  grown  together,"  and  are  inseparable,  there  being  a  regular  grada- 
tion from  the  one  to  the  other. 

In  the  softer  ore  some  very  curious  structures  occur  which  have  been 
supposed  by  some  to  be  fossil  plants.  Mr.  E.  W.  Binney,  in  a  paper  read 
before  the  Manchester  Literary  and  Philosophical  Society  in  1867,  "On 
the  Age  of  the  Hematite  Iron  Deposits  of  Furness,"  speaks  of  having  seen, 
in  the  possession  of  Miss  Hodgson,  of  Ulverston,  remains  of  Lepidodendra 
and  Stigmaria,  which  were  found  in  this  deposit.  Miss  Hodgson,  in  a 
paper  "  On  the  Water  Blean  Iron  Ore,"  published  in  the  "  Geological 
Magazine,"  March,  1870 — prefacing  her  remarks  by  the  statement  that  her 
information  was  received  from  the  Manager  of  the  Mines— says  that  "in 
the  early  part  of  the  year  1866  a  large  tree  trunk  was  met  with  standing 
erect," "see  y,  Fig.  4.  It  was  from  12  to  15  feet  high,  and  from  20  to  24 
inches  in  diameter  at  the  base."  As  the  miners  came  upon  the  tree  at  two 
levels  (Miss  Hodgson  continues)  "  I  was  anxious  to  learn  whether  any  bark- 
markings  had  presented  themselves,  but  while  it  was  admitted  that,  roughly, 
there  might  have  been  some  resemblance  to  certain  bark  structures,  yet  it 
must  mainly  be  described  as  having  had  'a  coarse  sparry  crust  with  vertical 
pipes'  running  through  it."  ■  '  '  "  The  above  tree-like  form 
was  not  the  whole  of  the  discovery ;  imbedded  likewise  in  the  ironstone, 
and  occurring  for  the  most  part  near  the  walls  of  the  place,  and  low  down, 
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were  numerous  twig-like  remains.  These  are  of  a  harder  nature  than  the 
trunk  mass  -they  are  in  better  preservation — and  in  some  specimens  ex- 
hibit beautiful  minute  striation,  with  what  seem  to  be  little  scars  arranged 
in  a  uniform  pattern." 

The  writer  has  in  his  possession  a  specimen  of  the  tree  trunk,  and 
also  a  number  of  the  twig-like  remains,  which  he  has  examined  very  care- 
fully. A  section  of  the  latter  is  given  in  Fig.  1.,  Plate  XXV.  They 
are,  however,  not  all  of  the  shape  there  shown,  some  of  them  having  a 
crescent  form  in  section,  whilst  others  are  nearly  round.  So  far  as  the 
writer  is  able  to  judge,  these  so-called  fossil  plants  are  nothing  more  than 
concentric  pipes  of  kidney  ore,  between  the  successive  layers  ot  which 
there  is  a  thin  ring  formed  by  crystals  of  calcite ;  in  fact,  they  seem  to  be 
but  a  particular  case  of  "ring  ore"  structure,  the  so-called  tree  trunk  being 
formed  by  a  mass  of  these  small  structures  in  contact.  The  outermost 
ring  is  frequently  marked  by  irregular  flutings,  as  shown  in  Fig.  1,  but 
these  markings  may  also  be  found  in  other  parts  of  the  ore  apart  from  the 
twig-like  remains.  The  specimens  in  the  possession  of  the  writer  do  not, 
so  far  as  he  has  seen,  exhibit  the  "uniform  pattern"  alluded  to  by  Miss 
Hodgson,  and  the  only  approach  to  it  is  the  interior  and  exterior  faces  of 
the  minute  mamillations  of  the  kidney  rings.  At  first  sight  these 
certainly  do  present  some  resemblance  to  the  markings  of  Lepidodendra 
and  Stigmaria-,  but  whether  they  are  the  characters  upon  which  Mr.  Binney 
based  his  generic  determinations  cannot  be  said. 

Laminated  barite,  crystals  of  quartz,  and  "  black  muck,"  which  con- 
sists of  varying  proportions  of  siliceous  and  aluminous  materials,  and  of 
the  oxide  of  iron  and  peroxide  of  manganese  are  sometimes  associated  with 
the  ore  of  these  deposits. 

Deposits  in  the  Caeboniferous  Limestone. — These  are  the  most 
important  deposits  in  the  district.  They  are  both  large  and  numerous, 
are  more  varied  in  form,  and  present  a  number  of  interesting  features 
which  are  not  met  with  in  any  of  the  deposits  previously  described.  As 
already  stated,  they  occur  in  all  the  main  beds  of  limestone  that  are  yet 
known  in  the  Lower  Carboniferous  Series  of  this  district ;  but  they  arc- 
perhaps  most  numerous  in  the  Langhorn  and  Clints  beds,  in  one  or  other 
of  which  all  the  largest  deposits  in  the  district  are  found.  Their  form  is 
variable,  being  sometimes  bed-like,  sometimes  vein-like,  at  others  filling 
dish-like  hollows  in  the  limestone  immediately  below  the  drift;  whilst  not 
unfrequently — but  chiefly  in  the  Clints  Limestone — they  are  most  irregu- 
larly shaped,  and  are  at  some  depth  in  the  limestone,  by  which  and  its 
associated  rocks  they  are  in  most  cases  entirely  surrounded. 
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The  Bed-like  Deposits  occur  mostly  in  the  First  Limestone,  in  fact 
the  deposits  in  that  bed  assume  this  form  exclusively ;  but  the  bed-like 
form  is  not  confined  to  that  horizon,  for  it  is  also  met  with  in  the  Second, 
Fourth,  Fifth,  and  Sixth  beds  of  Limestone.  As  already  stated,  the  First 
Limestone  is  overlaid  by  the  Millstone  Grit  Series,  the  lowest  bed  of 
which  is  of  a  siliceous  nature.  Under  the  limestone  is  a  thin  silicious 
bed,  usually  called  whirlstone  ;  and  then  a  bed  of  shale.  In  the  Bigrigg 
locality  these  two  beds  are  known  as  the  "little  whirlstone"  and  the 
"  little  sill"  respectively.  It  is  seldom  that  the  ore  occupies  the  whole 
thickness  of  the  First  Limestone,  being  mostly  confined  either  to  the  top 
or  bottom  of  it.  At  Frizington  and  Winder  Gill  it  occurs  in  the  top,  as 
shown  in  Fig.  2,  Plate  XXV.,  which  is  a  vertical  section  of  part  of  the 
large  deposit  worked  by  the  Parkside,  Crossgill,  and  part  of  the  High- 
house  Mines.  The  "  roof"  of  the  ore  is  the  bottom  bed  of  the  Grit 
Series,  which  has  the  same  regular  dip  as  the  rest  of  the  strata.  The 
"  sole,"  it  might  be  expected,  would  be  limestone,  but  curiously  enough  it 
is  not,  being  nearly  all  silica,  and  caUed  by  the  miners  "  whirlstone."  A 
very  remarkable  feature  of  the  limestone  of  this  district,  and  one  which 
seems  scarcely  ever  to  have  been  noticed,  is  that  any  bed  of  it  at  one 
place  may  be  a  pure  limestone,  whilst  at  another  and  not  far  distant 
place,  the  same  bed  may  be  the  hardest  whirlstone.*  A  recognition 
of  this  fact  removes  one  of  the  greatest  difficulties  there  is  in  the 
way  of  correlating  the  various  sections  that  have  been  obtained  in  the 
different  parts  of  the  district.  But  to  revert  to  Fig.  2,  Plate  XXV. 
Unlike  the  "roof,"  the  "sole"  is  generally  very  uneven,  being  like 
a  number  of  waves.  These  waves  the  miners  call  "rolls."  Some 
of  them  are  of  great  length,  and  they  all  run  about  west  and  south ;  the 
ends  of  them  only  are  seen  in  Fig.  2,  as  the  plane  on  which  the  section  is 
taken  cuts  them  at  right  angles.  On  the  top  of  the  "  rolls"  the  ore  is 
thinnest,  being  sometimes  only  a  few  inches ;  at  others  it  is  as  much  as 
twenty  feet.  In  the  hollows  between  the  "  rolls"  the  ore  is  of  course 
thickest,  being  fully  forty  feet  in  some  places.  The  sole  has  not  this 
waved  appearance  everywhere,  for  it  is  occasionally  found  running  for  a 
considerable  distance  nearly  parallel  to  the  roof.  Sometimes  the  ore  is 
seen  to  run  up  into  the  grit  roof  in  narrow  strings,  from  an  inch  or  two 
to  a  foot  or  more  wide ;  and  sometimes  it  extends  from  these  strings 
along  the  bed  joints,  as  shown  at  e,  Fig.  2.  All  the  strings  have  a  north 
and  south  direction.    The  length  of  the  deposit  on  a  north  and  south  line  is 

*  This  word  is  very  loosely  used  in  the  district,  being  applied  sometimes  to  hard 
sandstone,  at  others  to  grits,  or,  as  above,  to  the  siliceous  portion  of  the  limestones. 
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about  450  yards,  and  its  breadth  from  east  to  west,  is  about  870  yards. 
Its  area  is  about  thirty-four  acres,  so  far  as  at  present  worked,  being 
larger  in  superficial  extent  than  any  other  deposit  in  the  district.  It 
has  also  yielded  the  largest  quantity  of  ore.  In  plan  it  is  as  shown  in 
Fig.  3,  Plate  XXV.,  its  direction  being  nearly  north  and  south.  The 
tongues  of  ore  extending  from  the  north  end  of  the  main  body  have  also 
this  direction,  which  is  the  same  as  that  of  the  "rolls"  in  the  floor  and 
the  "  strings"  in  the  roof,  the  whole  of  them  being  parallel  to  the  north  and 
south  joints  intersecting  the  limestone.  As  shown  in  the  section,  the  dip  of 
the  ore  is  to  the  west;  on  its  eastern  side  it  occurs  just  below  the  drift, 
but  further  westward,  that  is  to  the  dip,  the  grits  are  put  on  over  it ;  and 
by  the  time  the  western  side  of  the  deposit  is  reached  it  is  overlaid  by 
about  sixty  fathoms  of  these  rocks. 

At  Bigrigg  the  ore  is  found  in  the  First  Limestone,  at  the  bottom  of 
the  post,  as  shown  in  Fig.  1,  Plate  XXVI.,  which  is  a  cross  section  of 
part  of  the  large  deposit  worked  by  the  Fletcher  Pit,  James  Pit,  Sir 
John  "Walsh  Pit,  Robin  Beam  Pit,  etc.  Here  in  many  points  a  state 
of  things  is  found  exactly  opposite  to  that  which  prevails  at  Friz- 
ington.  There  the  roof  is  even  and  the  floor  uneven;  here  it  is 
the  floor  that  is  even,  whilst  the  roof  is  generally  very  irregular 
indeed.  The  "little  whirlstone"  forms  the  floor,  and  the  roof  con- 
sists chiefly  of  siliceous  portions  of  the  upper  part  of  the  First  Limestone. 
Owing  to  the  irregularity  of  the  roof  the  thickness  of  the  ore  is 
very  variable,  being  sometimes  over  thirty  feet,  and  at  others  less 
than  a  foot.  This  great  variation  results  mainly  from  the  ore  assuming 
at  times  certain  vein-like  extensions  upwards,  called  by  the  miners  "  guts." 
These  guts  are  shown  at  /,  Fig.  1,  Plate  XXVI.  They  vary  in  width, 
from  a  few  inches  to  five  or  six  feet ;  and  sometimes  they  open  out  under 
the  basement  bed  of  the  grits  and  form  a  minor  deposit  along  the  top  of 
the  limestone.  They  are  all  nearly  parallel,  and  run  about  north  and  south, 
as  shown  in  Fig.  2,  which  is  a  plan  of  that  part  of  the  deposit  worked  by 
the  Fletcher  Pit  and  James  Pit.  The  length  of  the  whole  deposit  is  about 
550  yards,  and  its  average  breadth  about  200  yards.  As  will  be  seen 
from  the  above  plan,  the  ore  does  not  lie  in  a  compact  body,  as  at  Park- 
side,  but  is  split  up  by  elongated  masses  of  limestone  into  parts,  which 
bear  nearly  north  and  south.  On  the  western  side  of  the  deposit  these  rock 
masses  increase  to  such  an  extent,  as  compared  with  the  ore,  that  the 
latter  is  only  like  a  network  of  "  guts"  or  veins,  but  their  direction  is 
parallel  to  that  of  the  larger  masses,  both  being  in  fact  parallel  to  the 
north  and  south  joints  intersecting  the  limestone.     The  dip  is  to  the 
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west,  and,  as  at  Parkside,  the  ore  at  its  rise  edge  occurs  immediately 
below  the  drift,  but  soon  becomes  covered,  (Upward,  by  grits  and  Per- 
mians,  as  shown  in  Fig.  1.  At  the  James  Pit  on  the  west  side  of  the 
deposit  the  thickness  of  these  overlying  rocks  is  about  sixty-four  fathoms. 

Besides  these  deposits  there  are  several  others  in  the  First  Limestone, 
but  they  are  all  more  or  less  similar  to  those  described,  so  that  it  is  not 
necessary  to  speak  of  them  separately.  In  the  Second  Limestone  the 
deposits  have  also  a  bed-like  form.  They  chiefly  differ  from  the  deposits 
in  the  Top  Limestone,  in  that  they  us  lally  occupy  the  full  depth  of  the 
bed,  have  a  regular  "  roof  and  "  sole,"  and  are  consequently  of  more 
uniform  thickness.  The  writer  is  not  aware  that  this  form  of  deposit  has 
been  met  with  in  the  Clints  Limestone,  but  a  good  example  of  it  in  the 
Fourth  Limestone  may  be  seen  in  the  No.  7  Pit  of  the  Salter  and  Eskett 
Park  Company.     A  section  of  this  deposit  is  given  in  Plate  XXVII. 

From  the  high  angle  at  which  it  dips  it  is  generally  spoken  of  as  a 
vein,  the  miners  working  it  using  the  terms  "  hanging  cheek"  and  "  lying 
cheek"  for  what  are  in  reality  the  "  roof"  and  the  "  sole"  respectively.  A 
little  to  the  S.E.  of  the  section  the  ore  is  cut  off  by  a  large  west  and  south 
upthrow  fault,  which  brings  the  Skiddaw  slate  to  the  surface.  The  throw 
of  this  fault  at  the  Agnes  Pit,  a  little  to  the  north  of  the  section,  is  about 
190  fathoms,  the  Skiddaw  slate  and  St.  Bees  Sandstone  being  in  contact. 
Where  the  ore  (shown  in  Plate  XXVII.)  abuts  against  this  fault  it  is 
very  thin,  but  it  becomes  thicker  to  the  dip,  as  shown  in  the  section.  The 
"  roof"  is  formed  by  a  bed  of  shale  generally,  and  so  is  a  great  part  of  the 
"  sole ;"  but  sometimes  irregular  masses  of  siliceous  stone,  g,  are  found 
intervening,  so  that  for  a  time  the  "  roof"  or  "  sole,"  or  both,  may  be 
stone.  The  length  and  breadth  of  the  deposit  have  not  yet  been  proved, 
as  the  limit  of  the  ore  has  only  been  reached  on  two  adjacent  sides. 

Bed-like  deposits  also  occur  in  the  Fifth  and  Bottom  Limestones,  as 
shown  in  Fig.  1,  Plate  XXVIIL,  A  and  B,  respectively.  They  present  no 
peculiar  features,  and  therefore  need  not  be  separately  described.  It 
may,  however,  be  observed  that  their  bearing  agrees  with  that  of  the 
main  joints  in  the  limestone,  being  nearly  north  and  south. 

Vein-like  Deposits. — Perhaps  the  best  example  in  the  district  is 
that  which  is  worked  by  the  Salter  Hall  Mines,  and  the  Eskett  Mines  of 
Mr.  John  Postlethwaite.  It  is  on  the  line  of  a  large  north  and  south  fault, 
having  an  upthrow  to  the  west  at  Mr.  Postlethwaite's  mine  of  about  120 
fathoms.  As  worked  by  the  Salter  Hall  Mines,  the  deposit  is  in  the 
Clints  Limestone,  and  at  its  south  end  very  shallow,  being  overlaid  only 
by  the  drift;  but,  having  the  same  dip  as  the  strata,  that  is  to  the  N.W., 
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it  gets  deeper  as  it  goes  towards  the  Eskett  Mines;  at  the  same  time  it 
rises  through  the  Second  Limestone  into  the  First,  being  in  fact  partly  in 
the  whole  three.  It  is  there  that  it  becomes  the  most  vein-like,  its  section 
being  as  shown  in  Fig.  1,  Plate  XXVIII.  The  ore,  it  will  be  noticed,  is 
very  narrow  nearly  to  the  bottom  of  the  section;  it  then  widens  con- 
siderably, and  the  "hanging  cheek"  changes  its  character.  Above  this 
point  it  is  very  siliceous,  but  here  the  rocks  contain  a  large  proportion  of 
lime.  On  the  upside  of  the  fault  there  is  Skiddaw  slate  for  about  one- 
third  of  the  depth  of  the  section,  the  remainder  being  "  whirlstone," 
limestone,  and  shale,  intercalated  with  which  are  two  bed-like  extensions 
of  the  vein  ore,  called  by  the  miners  "flats"  or  "flat  ore,"  the  uppermost 
being  in  the  Fifth,  and  the  lower  in  the  Bottom  Limestone.  There  is 
thus  the  fact  of  a  deposit  of  ore — for  really  the  whole  of  the  ore,  both  bed- 
like  and  vein-like,  may  be  looked  upon  as  one  deposit  only — being  partly 
in  the  First,  partly  in  the  Second,  and  partly  in  the  Third,  Fifth,  and 
Sixth  Limestones.  In  the  Salter  Hall  Mines  the  ore  frequently  formed 
"  flats"  on  the  down-side  of  the  fault  as  well  as  on  the  up-side. 

Another  large  vein-like  deposit  is  found  by  the  side  of  the  north  and  south 
fault,  running  through  by  Agnes  Pit  and  Yeathouse  Pits.  Its  character 
throughout  is  very  similar  to  that  just  described  ;  but  at  Agnes  Pit  the 
"  flats"  occur  only  in  the  hanging  or  down-side,  the  up-side  of  the  fault 
consisting  entirely  of  Skiddaw  slate.  On  the  contrary,  the  "flats"  at 
Yeathouse  Mines  are  wholly  in  the  up-side,  the  "  hanging  cheek"  being 
Breccia  and  St.  Bees  Sandstone. 

At  Birks  there  is  another  vein-like  deposit,  which  is  also  on  the  line 
of  a  north  and  south  fault.  There,  too,  as  at  Yeathouse,  the  "  flats"  are 
in  the  up-side,  the  down-side  being  St.  Bees  Sandstone  and  Breccia. 

A  feature  of  these  vein-like  deposits  worthy  of  mention  is  that  they  all 
"  hade"  towards  the  east,  like  the  veins  in  the  granite  and  Skiddaw  slate, 
the  amount  of  "hade"  being  usually  as  in  Fig.  1,  Plate  XXVIII. 

Dish-like  Deposits  are  not  numerous,  nor,  with  one  exception,  are 
they  important.  The  exception  is  the  new  deposit  at  Hodbarrow,  a 
section  of  which  is  given  in  Fig.  2,  Plate  XXVIII.  It  occurs  in  the 
Thick  Limestone  of  Furness.  Its  extent  has  not  been  fully  ascertained 
yet,  but  its  length,  so  far  as  is  known,  is  about  800  yards,  and  its  breadth 
about  190  yards;  its  greatest  thickness  is  about  90  feet,  and  the  average 
perhaps  55  feet.  The  deposit  contains  very  little  stone  or  other  foreign 
matter,  so  that  it  may  be  looked  upon  as  a  solid  mass  of  ore.  It  is  one  of 
the  largest  deposits  in  the  whole  district,  and  the  only  one  of  its  kind  of 
any  importance,  although  in  Furness  they  are  very  common  ;  in  fact,  in 
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that  district,  most  of  the  large  deposits  have  a  dish-like  form.  As  shown 
in  Fig.  2,  it  is  overlaid  only  by  sand,  gravel,  and  clay  of  the  drift  period, 
whilst  below  and  around  it  is  one  mass  of  limestone.  Its  direction  is 
nearly  north  and  south  and  corresponds  exactly  with  that  of  the  main 
joints  in  the  limestone. 

Irregularly  Shaped  Deposits. — The  best  example  is  probably 
that  worked  by  Lord  Leconfield's  Wyndham  Pit,  and  No.  7  Pit  at  Big- 
rigg.  That  deposit  occurs  in  the  Clints  Limestone  on  the  south  side  of 
an  east  and  west  fault,  which  throws  up  to  the  south  about  19  fathoms, 
and  cuts  off  the  grits  of  Fletcher  Pit  and  James  Pit,  at  the  same  time 
bringing  up  the  "  little  Avhirlstone"  to  the  surface  and  exposing  it  to  view 
in  the  bottom  of  Langhorn  Quarry.  A  section  of  the  deposit  is  shown  in 
Fig.  1,  Plate  XXIX.  On  the  north  side  of  the  fault  are  bed-like  deposits 
in  the  First  and  Second  Limestone,  which  were  worked  by  Lord  Lecon- 
field's No.  5  and  G  Pits.  The  deposit  under  consideration  is  on  the 
opposite  side  of  the  fault.  "When  viewed  in  section,  as  above,  its  outline 
is  most  irregular ;  and  so  is  its  horizontal  profile,  tongues  of  limestone  of 
various  lengths  and  breadths  running  into  it  in  a  north  and  south  direction, 
and  splitting  it  up  in  the  most  fantastic  manner.  Its  greatest  length  is  about 
340  yards,  its  greatest  breadth  208  yards,  and  its  greatest  thickness  200 
feet.  Owing,  however,  to  the  splitting  up  of  the  deposit  by  masses  of 
limestone,  its  average  dimensions  probably  do  not  equal  half  its  greatest 
dimensions.  The  lower  part  of  the  deposit  is  somewhat  bed-like,  having 
the  same  dip  and  strike  as  the  strata  ;  and  the  ore  connecting  this  with 
the  main  mass  above  has  a  pipe-like  form,  its  area  in  horizontal  section 
being  very  small.  The  general  direction  of  the  deposit  is  north  and  south, 
and  so  is  that  of  the  integral  masses  of  ore  into  which  the  deposit  is  divided 
by  the  protruding  tongues  of  limestone.  The  "  roof"  of  part  of  the 
deposit  is  formed  by  a  bed  of  shale ;  everywhere  else  it  is  enclosed  by 
limestone,  or  its  siliceous  concomitant,  "  whirlstone." 

Another  very  large  deposit  of  the  same  kind,  and  in  the  same  lime- 
stone, is  being  worked  at  Montreal  Mines,  by  Mr.  Stirling.  It  occurs  on 
the  south  side  of  a  large  east  and  west  vein,  which  has  a  throw  at  that 
point  of  about  240  fathoms.  Its  length  from  north  to  south  is  about 
220  yards,  its  breadth  about  180  yards,  and  its  average  thickness  about 
45  feet.  Other  similar  deposits  occur  in  the  same  limestone  in  various 
parts  of  the  district,  but  there  is  nothing  about  them  which  is  peculiar,  so 
far  as  regards  their  form;  so  that  they  demand  no  special  notice. 

The  particular  forms  of  the  deposits  having  been  described,  it  is  now 
proposed  to  glance  at  their  more  general  features. 
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In  the  case  of  some  of  the  deposits  already  spoken  of  it  was  stated 
that  they  were  split  up  by  tongues  of  limestone  or  "  whirlstone"  in  such  a 
way  that  the  bearing  of  the  different  parts  of  the  deposit  corresponded 
very  nearly  with  the  magnetic  meridian.  This  may  be  said  to  be  the  case 
generally,  unless  the  deposit  occurs  alongside  an  east  and  west  fault. 
Then  it  sometimes  happens  that  the  longer  axis  has  an  east  and  west 
direction.  For  instance,  alongside  the  coal-measure  faidt  which  runs  in 
an  east  and  west  direction  through  the  Montreal  Mines,  there  is  a  deposit 
of  ore  which  extends  from  No.  2  Pit  Montreal  to  No.  2  Pit  Cross-field,  a 
distance  of  about  320  yards,  whilst  its  greatest  extension  southwards  from 
the  fault  is  only  150  yards.  It  is,  however,  only  in  a  case  of  this  sort 
that  a  deposit  is  longer  in  an  east  and  west  direction  than  it  is  from  north 
to  south ;  and  not  always  then,  for  the  Wyndham  Pit  deposit  at  Bigrigg 
is  twice  as  long  in  a  north  and  south  direction  as  it  is  from  east  to  west ; 
yet  it  occurs  by  the  side  of  an  east  and  west  faidt. 

Another  feature  of  these  deposits  as  they  occur  in  the  northern  part 
of  the  district  is  that  they  usually  lie  by  the  side  of  a  fault,  a  fact  the 
importance  of  which  will  be  rendered  more  clear  by  an  enumeration  of 
the  principal  deposits  so  occurring.  As  shown  on  Plate  XIX.,  every  fault 
of  any  importance  runs  either  in  a  north  and  south  direction,  or  nearly  at 
right  angles  to  it;  so  that  deposits  in  this  connection  may  be  divided  into 
two  sets — those  by  the  side  of  north  and  south  faults,  and  those  by  the 
side  of  faults  having  an  east  and  west  direction. 

Deposits  alongside  Noeth  and  South  Faults. — The  deposit 
worked  by  the  Salter  Hall  Mines,  the  adjoining  part  of  the  Salter  and 
Eskett  Park  Company's  mines,  Mr.  John  Postlethwaite's  mines,  and  the 
new  mines  of  the  Winder  Iron  Ore  Company  is  partly  on  the  up  and 
partly  on  the  down-side  of  a  large  fault  which  runs  through  by  "Winder 
Station. 

Coming  further  west  there  is  another  fault  at  Yeathouse,  by  the  side 
of  which  are  deposits  that  have  been  worked  by  the  Eskett  Iron  Ore 
Company's  mines,  part  of  the  Salter  and  Eskett  Park  Company's  mines, 
part  of  the  mines  of  the  "Winder  Iron  Ore  Company,  the  Yeathouse  Mines, 
and  Messrs.  Lindow's  Dyke  Nook  Mines. 

The  next  fault  of  any  importance  is  at  Birks,  alongside  which  lies  the 
deposit  worked  by  Mr.  Joseph  Fearon. 

Coming  down  to  Cleator,  there  is  a  fault  running  through  the  Cross- 
field  Company's  No.  10  Pit,  and  another  by  the  Cleator  Iron  Ore  Com- 
pany's old  opencast,  the  opencast  and  No.  7  and  No.  8  Pits  of  the 
Crossfield  Iron  Ore  Company,  and  Mr.  Stirling's  No.  5  and  No.  7  Pits. 
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At  Bigrigg  there  is  another  fault,  by  the  side  of  which  is  the  Ehen 
Company's  pit,  the  old  pits  worked  by  Lord  Leconfield  on  Bigrigg  and 
the  Meadow,  and  the  James  pit  of  Messrs.  Lindow. 

Deposits  alongside  East  and  West  Faults. — By  the  side  of  a 
fault  with  this  direction  are  Lord  Leconfield's  Bigrigg  pits,  and  some  of 
the  Woodend  pits. 

Another  fault  on  the  north  of  Sir  John  Walsh  Pit  passes  by  one  or 
two  old  pits  belonging  to  the  Cleator  Iron  Ore  Company.  The  fault  in 
Todholes  Quarry  is  probably  the  same. 

Along  the  fault  already  mentioned  as  passing  through  Montreal  mines 
are  the  Moor  Row  Company's  pits ;  Mr.  Stirling's  pits  numbered  1,  2,  3, 
4,  6, 11,  and  12;  the  Crossfield  Company's  No.  2  Pit;  and  Lord  Leconfield's 
James  Pit. 

At  Friziugton  a  fault  runs  through  Messrs.  Fletcher  and  Hodgett's 
pits,  numbered  1,  2,  and  5,  and  between  the  Goose  Green  and  Scalelands 
pits. 

Lastly,  there  is  a  fault  with  this  direction  running  through  the  Mow- 
bray Company's  No.  2  Pit  shaft.  Some  of  the  pits  along  these  lines  of 
faulting  are  perhaps  omitted,  but  the  principal  are  included,  from  which 
it  wiU  be  seen  that  all  the  most  important  deposits  in  the  district  are  by 
the  side  of  faults.  It  may  also  be  observed  that  the  north  and  south 
faults  "  hade"  to  the  east,  whilst  those  having  a  direction  nearly  at  right 
angles  to  them  "  hade"  to  the  north. 

Another  feature  of  importance  in  these  deposits  is  that  they  all,  at 
some  part  or  other,  rise  out  to  the  denuded  surface  of  the  tilted  Carbon- 
iferous rocks  and  are  there  covered  only  by  Permian  Breccia  or  drift. 

The  ore  is  chiefly  of  the  hard  massive  kind,  although  in  some  places  it 
is  much  harder  than  in  others.  In  colour  it  varies  from  a  brownish  red 
to  a  bluish  iron  grey.    Its  composition  is  shown  by  the  following  analyses : — 

No.  l. 

Peroxide  of  iron           ...         ...         ...          ...         ...  98"26 

Silica      1-59 

Phosphate  of  iron         ...         ...         ...         ...         ...  "30 

Lime  and  niaernesia      ...         ...         ...         ...         ...  traces. 


100-15 
Iron        68-78 

This  was  a  picked  specimen  from  the  Parkside  Mines,  the  average 
composition  is,  however,  more  like  that  shown  in  No.  2,  which  is  an 
average  of  twenty-four  analyses  of  ore  from  the  Salter  Hall  deposit. 
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No.  2. 

Peroxide  of  iron           ...         ...          ...         ...          ...  86"37 

Alumina            ...        ...         ...         •■•        •••         •■•  121 

Silica      9'56 

Lime,  water,  etc.          ...         ...         ...          ...         ...  2-57 


9971 
Iron        60-45 

The  difference  between  No.  1  and  No.  2  analyses  conveys  some  idea  of 
the  great  variation  there  is  in  the  quality  of  the  ore.  It  is,  however, 
still  more  apparent  from  No.  3  and  No.  4  analyses  of  ore  from  the  Yeat- 
house  Mines  : — 


No.  3. 

No.  4. 

Peroxide  of  iron 

8633     ... 

63-04 

Silica     ... 

9-73     ... 

37-24 

Alumina 

trace.     . . . 



Water  and  loss 

394     ... 



Carbonic  acid   ... 

... 

•90 

Lime  and  magnesia     . . . 

... 

trace. 

100-00 

101-18 

Iron  ... 

60-43     ... 

44-12 

In  the  separate  analyses,  of  which  No.  2  is  an  average,  the  lowest  per- 
centage of  silica  was  3*19,  and  the  highest  24'78.  In  some  deposits  the 
ore  contains  a  small  percentage  of  protoxide  of  manganese,  and  traces  of 
sulphur  and  phosphoric  acid. 

Here  and  there  in  the  ore  are  small  cavernous  spaces  called  "  loughs," 
which  vary  in  shape  from  lenticular  to  spheroidal,  and  in  size  from  a  few 
inches  to  three  or  four  feet  across.  Invariably  the  ore  forming  the  walls 
of  these  "  loughs"  has  the  kidney  structure  as  shown  in  Fig.  2,  Plate 
XXIX.  It  occurs  in  concretions  round  the  "  lough"  to  a  depth  of  several 
inches,  becoming  less  and  less  distinct  outwards  from  the  "  lough,"  and 
finally  dies  away  into  the  massive  ore  around  it.  Some  of  these  "  loughs" 
are  filled  with  brown  spar,  as  shown  in  Fig.  3,  Plate  XXIX.  The  ore 
sometimes  appears  to  be  interlayered  with  the  brown  spar,  as  shown 
in  Fig.  2,  and  at  other  times  broken  pieces  of  kidney  are  found  lying 
pell-mell  in  the  spar,  as  shown  in  Fig.  3,  Plate  XXIII. 

When  the  ore  is  in  contact  with  either  shale  or  sandstone,  there  is  a 
distinct  line  of  demarcation  between  them,  but  this  is  rarely  so  when  it 
is  in  contact  with  limestone  or  "  whirlstone."  The  junction  then  is 
usually  as  shown  in  Fig.  1,  Plate  XXX.,  the  ore  and  stone  being,  as  the 
miners  express  it,  "  grown  together."  The  passage  from  one  to  the  other 
is  by  regular  gradations.  Very  frequently  the  ore  for  a  few  inches  next 
the  stone  has  a  laminated  appearance,  that  structure  being  most  distinct 
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near  to  the  stone,  and  becoming  less  and  less  so  as  it  recedes  from  it. 
Sometimes  between  the  ore  and  stone  there  is  a  thin  parting  of  clay,  but 
it  seldom  if  ever  exceeds  half-an-inch.  In  some  cases  the  stone  adjoining 
the  ore,  and  for  two  or  three  feet  away  from  it,  is  of  quite  a  porous 
nature,  being  at  one  time  black  and  cindery -looking,  at  another  yellow 
and  ochreous,  or  gossany,  or  again,  it  may  be  a  dullish  brown. 

A  most  remarkable  feature  of  these  deposits  when  in  the  Third,  Fourth, 
Fifth,  or  Sixth  Limestones,  is  the  occurrence  in  them  of  partings  and 
nests  of  shale.  Fig.  2,  Plate  XXX.,  shows  several  of  these  partings ;  it 
is  a  section  exposed  in  the  No.  5  Pit  of  the  Salter  and  Eskett  Park  Com- 
pany. The  beds  between  which  the  partings  occur  are  partly  siliceous 
stone,  and  partly  hard  jointy  hematite,  and  they  have  the  same  dip  both  in 
direction  and  amount  as  the  rocks  surrounding  the  deposit.  A  similar 
section  seen  in  Salter  Hall  No.  3  Pit  is  given  in  Fig.  3,  Plate  XXX. 
Here,  again,  the  beds  of  ore  and  the  shale  partings  have  the  same  dip 
as  the  surrounding  strata,  with  which  in  fact  the  partings  are  actually 
interbedded.  The  pieces  of  "  whirlstone"  b  and  b",  which  are  separated 
by  the  partings  c'  were  proved  at  several  points  to  be  connected  with,  in 
fact  to  form  part  of,  the  surrounding  rocks,  so  that  the  partings  c  and  d 
are  interbedded  with  the  limestone  as  weU  as  with  the  ore.  The  same 
thing  maybe  also  seen  in  Fig.  1,  Plate  XXXI. ,  which  is  a  cross-section  of 
the  Crossfield  Company's  "opencut."  Here  the  shale  bed/ was  seen  lying 
between  the  ore  d  d',  and  also  continuing  on  between  the  beds  of  lime- 
stone c  and  c'  for  as  far,  at  least,  as  shown  in  the  section.  Fig.  2,  Plate 
XXXI.,  is  a  section  seen  in  the  Eskett  Iron  Ore  Company's  No.  4  Pit. 
Nests  of  shale,  as  shown,  were  surrounded  entirely  by  hematite.  The 
horizontal  section  of  these  nests  were  roughly  circular,  and  the  laminations 
of  the  shale  were  parallel  to  the  "  roof"  b,  which  is  the  same  bed  as  that 
overlying  the  ore  shown  in  Plate  XXVII.  A  similar  nest  of  shale  is 
shown  in  Fig.  3,  Plate  XXXI. ,  which  is  a  section  seen  in  Lord  Lecon- 
field's  Wyndham  Pit,  at  Bigrigg.  The  laminations  of  the  shale  are  in 
this  case  also  parallel  to  the  bedding  of  the  surrounding  rocks. 

Another  fact  of  frequent  occurrence,  which  it  is  desirable  to  mention, 
is  the  shaly  nature  of  the  "roof."  In  Plate  XXVIL,  Fig.  1,  Plate 
XXIX.,  Figs.  1  and  2,  Plate  XXXI.,  there  are  deposits  with  shale 
"  roofs  ;"  and  in  Fig.  1,  Plate  XXIX.,  it  may  be  seen  that  the  shale  beds 
c  and  c',  forming  the  "  roof"  of  e"  and  e"'  repectively  are  interbedded  with 
the  surrounding  rocks.  This  fact  is  also  seen  in  Fig.  1,  Plate  XXXIL, 
wThich  is  a  section  of  the  deposits  worked  by  the  Scalelands  Company. 
In  this  section  there  are  shale  beds  c'  and  c1'  interbedded  with  the  limestone, 
forming  also  the  "  roof"  of  the  deposits  d'  and  d"  respectively.     A  very 
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curious  section  of  a  deposit  with  a  si  ml  e  "roof"  is  given  in  Pig.  2,  Plate 
XXXII. ;  it  was  seen  in  No.  1  Pit,  belonging  to  the  Salter  Ball  Company. 

Overlying  the  ore  there  was  a  thin  bed  of  shale,  which  suddenly  thicki  ned 
as  shown  at  c.  At  the  same  time  the  ore  below  it  changed  entirely  in 
quality,  becoming  very  much  poorer;  in  fact,  the  change  was  from  good 
hematite  to  a  substance  little  better  than  irony  stone. 

A  fact  which  the  writer  has  very  often  noticed  in  connection  with 
the  shale  partings,  as  well  as  with  the  "  roof"  and  "sole,"  when  cither  or 
both  of  them  is  shale,  is  that  the  ore  next  the  shale,  if  that  be  not  black 
and  slaty,  is  very  much  softer  than  it  is  a  foot  or  so  away  from  it,  the 
softness  increasing  as  the  shale  is  approached. 

In  some  of  these  deposits  the  ore  has  quite  a  bedded  appearance. 
This  feature  is  very  well  displayed  in  Todholes  Quarry,  below  the  shale 
beds  which  ran  through  the  ore,  as  mentioned  in  Part  I.  of  the  Iron  Ores 
of  Great  Britain.  It  may  also  be  seen  in  the  Cleator  Iron  Ore  Company's 
new  "opencut,"  of  which  Fig.  3,  Plate  XXXIL,  is  a  cross  section. 
At  a  distance  the  ore  has  all  the  appearance  of  red  stained  limestone, 
such  as  may  be  seen  near  Park  Mines  in  Furness.  The  dip  of  those  beds, 
as  shown  in  Fig.  3,  corresponds  exactly,  both  in  direction  and  amount, 
with  that  of  the  adjoining  limestone,  on  the  same  side  of  the  fault.  Some- 
times where  the  ore  is  bedded  in  this  way  the  alternate  layers  are  hard 
and  soft. 

Another  fact  of  frequent  occurrence,  which  may  also  be  seen  at  the 
Cleator  Iron  Ore  Company's  "opencut,"  is  the  existence  of  joints  in  the 
ore  somewhat  similar  to  the  two  sets  of  joints  (beside  the  bed  joints)  by 
which  all  rocks  are  more  or  less  intersected.  One  set,  running  nearly 
east  and  west,  is  shown  in  the  section  by  short  lines  at  right  angles,  or 
nearly  so,  to  the  bed  joints.  The  other  set  runs  nearly  north  and  south, 
that  is  parallel  to  the  plane  of  the  section.  They  are  not  strong,  persistent 
joints  such  as  are  found  in  the  limestone,  or  even  in  the  slate,  but  arc 
quite  short  and  interrupted,  as  represented  in  Fig.  3.  So  far  as  the 
writer's  experience  goes,  they  only  occur  in  the  hardest  ore ;  and  those 
having  an  east  and  west  direction  are  more  numerous  and  stronger  than 
those  running  at  right  angles  to  them. 

Fossils  are  sometimes  met  with  in  the  ore,  but  they  are  very  rare  and 
restricted  in  variety.  All  those  found  by  the  writer  are  species  of  coral, 
and  he  is  not  aware  that  the  remains  of  any  other  organic  form  have 
been  found  in  this  district.  It  has  been  several  times  asserted  that 
certain  species  of  Carboniferous  plants  had  been  found,  but  upon  close 
inquiry  it  turned  out  that  there  was  not  sufficient  evidence  to  show 
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exactly  where  they  came  from.  Probably  it  was  from  the  grit  "  roof"  of 
the  deposit  in  which  they  were  said  to  be  found,  as  the  deposit  in  which 
these  plants  were  alleged  to  be  found,  had  a  grit  "  roof." 

Associated  with  the  ore  of  these  deposits  are  frequently  found  crystals  of 
calcite,  crystalised  and  granular  dolomite,  and  crystals  of  quartz,  more  rarely 
barite,  either  laminated  or  in  tabular  crystals;  also  arragonite  and  pyrite. 
Once  in  Fletcher  Pit,  the  writer  met  with  flourite,  and  Mr.  James  Davidson 
states  that  he  has  found  it  in  Lord  Lecoirfield's  mines  at  Bigrigg.  These 
mines  have  also  yielded  a  quantity  of  hausmannite.  It  occurs  in  "  loughs" 
in  the  hematite,  as  shown  in  Fig.  1,  Plate  XXXIII.  Gothite  has  also 
been  found  in  them  as  shown  in  the  above  figure.  In  Birks  Mines  pyrolusite 
has  been  found  :  in  the  Eskett  Iron  Ore  Company's  mines  manganite; 
and  in  Salter  Hall  Mines  crystalised  siderite  and  xanthosiderite.  This 
latter  mineral  occurs  along  joints  in  the  hematite,  and  has  usually  been 
looked  upon  by  those  who  have  seen  it  in  the  district  as  a  fossil  organic 
form. 

Deposits  in  the  Upper  Coal-Measures.  —  The  only  deposit  of 
hematite,  in  these  rocks,  that  has  been  worked  is  that  which  occurs  at 
Millyeat,  near  Frizington,  in  the  northern  part  of  the  district.  It  is  now 
sometime  since  it  was  worked,  and  no  record  appears  to  have  been  kept  of 
what  was  done,  so  that  there  is  not  very  much  known  about  it.  The  ore 
occurs  in  the  form  of  a  bed,  as  shown  in  Fig.  3,  Plate  XXXIII.,  which 
gives  a  plan  and  section  of  it. 

Both  above  and  below  the  ore  there  is  a  thick  bed  of  liver-coloured 
shale  (C>  and  8  of  Xo.  1  section  in  the  introductory  description  of  the  Coal- 
measures),  as  seen  in  the  above  plan  and  section,  but  which  is  more  dis- 
tinctly shown  in  Fig.  2,  which  is  a  section  of  the  bed  as  seen  by  the  writer 
in  the  bottom  of  the  stream  that  runs  down  by  the  mill. 

Here  the  ore  is  split  up  into  three  minor  beds  by  intermediate  layers 
of  soft  shale,  but  on  the  S.E.  side  of  the  valley,  where  it  was  worked,  it 
was  still  more  divided,  as  shown  by  the  following  section  : — 


Ft. 

In. 

In. 

1.— Ore 

1 

0 

— 

2.— Clay       ■•• 

—     ... 

1 

3.— Ore 

2 

— 

4.— Clay 

—       ... 

£ 

5.— Ore 

H      ... 

— 

6.— Clay       ... 

—      ... 

2. 

4 

7.— Ore 

j. 

4 

— 

8.— Clay       ... 

—              ... 

4 

9.— Ore 

1 

2|       ... 

— 

6i 

+          6i  =  2'0£" 
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The  quality  of  the  ore  is  very  variable,  but  the  best  of  it  is  about  Bfl 
pure  as  any  that  has  been  found  in  the  district,  as  the  following  analysis 
will  show: — 


No.  1. 

No.  2. 

Peroxide  of  iron     . . . 

...      9785 

...       96-40 

Phosphate  of  iron ... 

•71 

•80 

Silica 

1-44 

1-20 

Lime 
Magnesia    ... 

trace 

"      }l-60 

100-00 

100-00 

Iron 

68-5 

67-48 

The  appearance  of  this  ore,  both  as  regards  colour  and  texture,  is  very 
much  like  the  finest  tool  steel,  but  the  poorer  ore  is  quite  earthy  looking  and 
of  a  bright  red  colour.  It  contains  a  large  proportion  of  lime.  In  some 
cases  thin  irregular  layers  of  limestone  are  actually  seen  in  it,  and  in  some 
places  it  is  very  much  intersected  by  joints. 

PART  III— AGE  OF  THE  DEPOSITS. 

On  this  point  more  has  been  written  than  on  any  other  connected  with 
the  subject.  So  far  as  the  writer  has  been  able  to  gather  from  what  has 
been  said  there  seems  to  be  a  general  agreement  that  the  ore  is  older  than 
a  great  part  of  the  Peruvians.  This,  in  fact,  is  proved  by  the  existence  of 
hematite  fragments  in  the  Lower  Permian  Breccia.  But  how  much  older 
it  is  than  this  breccia  is  a  point  which  has  not  yet  been  satisfactorily 
answered. 

Professor  Harkness  and  Sir  Roderick  Murchison,  in  a  paper  on  the 
"  Permian  Rocks  of  the  North-west  of  England,"  read  Feb.  3rd,  1864,  before 
the  Geological  Society,  say — "  The  mode  in  which  that  valuable  ore  of 
iron,  hematite,  is  found  deposited  in  pre-existing  cavities  of  the  carbo- 
niferous formation,  and  sealed  up  by  "  crab  rock,"  is  a  matter  of  great 
geological  interest.  Joints,  fissures,  and  caverns  were  doubtless  formed  in 
the  older  rocks  antecedent  to  the  deposition  of  the  Permian  Strata,  and  in 
these  the  ore  of  iron,  so  widely  diffused  throughout  the  Permian  Rocks, 
have  in  this  portion  of  the  north-western  region  assumed  the  characters 
of  hematite.  This  circumstance  justifies  the  inference  that  these  hematite 
ores  are  the  result  of  an  agency  which  ushered  in  the  Permian  epoch. 
The  earlier  Permian  Rocks  of  both  England  and  Scotland  are  strongly 
impregnated  with  iron,  their  composition  consisting  principally  of  silica 
and  an  oxide  of  this  metal.  This  latter  substaniv  originated  from  the 
same  source  which,  during  the  commencement  of  the  deposition  of  the 
Penrith  Sandstones,  filled  up  the  fissures  in  the  Carboniferous  Limestone. 
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This  conclusion  is  applicable  not  only  to  the  Ulverston  district  but  also 
to  that  of  Cleator,  south-east  of  Whitehaven,  where  valuable  deposits  of 
hematite  are  also  obtained  from  the  cavities  and  fissures  in  the  Carbo- 
niferous Limestone  which,  at  one  time,  was  here  covered  over  by  an  ex- 
tension of  those  Permian  breccias  and  sandstones  now  forming  an  escarp- 
ment a  short  distance  west  from  Cleator  Moor." 

In  a  paper  of  the  author's  on  the  "  Hematite  Deposits  of  Whitehaven  and 
Furness,"  read  before  the  Manchester  Geological  Society,  January,  1875,  he 
ventured  to  dispute  the  conclusion  of  these  authorities,  that  the  "  Crab- 
rock"  of  Furness  was  a  Permian  breccia,  saying  that  "  having  carefully 
surveyed  the  whole  district,  he  believed  this  '  Crab-rock'  belongs  to  the 
drift  period  and  not  to  the  Permian  system  at  all."  This  conclusion  is 
supported  by  the  map  of  that  district,  recently  published  by  the  Geological 
Survey.  On  that  map  no  notice  is  taken  of  the  "  Crab-rock,"  but  surely 
there  would  have  been  had  the  surveyors  considered  it  to  belong  either  to 
the  Permians  or  to  any  other  group  of  rocks  below  the  drift.  This  "  Crab- 
rock,"  therefore,  affords  no  evidence  whatever  of  the  Permian  age  of  the 
hematite,  for  that  ore  might,  for  anything  this  breccia  proves  to  the  con- 
trary, have  been  deposited  during  the  Trias,  or  even  during  the  Jurassic 
or  Tertiary  period. 

Mr.  E.  W.  Binney,  in  a  paper  entitled  "  A  glance  at  the  Geology  of 
Low  Furness,  Lancashire,"  read  before  the  Manchester  Literary  and  Philo- 
sophical Society,  Dec.  28th,  1847,  says — "The  beds  of  iron  appear  to  have 
been  formed  after  the  Carboniferous  Limestone,  and  before  the  deposition 
of  the  Upper  New  Red  Sandstone."  The  same  writer,  before  the  same 
Society,  Nov.  15th,  1853,  in  a  paper  "  On  the  Origin  of  Ironstones,  and 
more  particularly  the  newly-discovered  Red  Stone  at  Ipstones,  near  Cheadle, 
Staffordshire,  with  some  account  of  the  Ironstones  of  South  Lancashire," 
says — "  The  position  of  the  bed  of  hematite  at  Ipstones  is  between  the 
upper  part  of  the  rough  rock  and  the  Woodhead  Hill  stone,  somewhere 
near  about  the  position  of  the  nine-inch  seam  of  coal  in  the  author's  sec- 
tion of  the  Lower  Coal-field  of  Lancashire.  In  other  districts  where  this 
little  seam  is  found  (and  it  is  more  constant  in  its  thickness  over  a  great 
distance  than  most  other  coals)  some  large  deposits  of  carbonate  of  iron 
are  met  with  in  the  shales  above  it;  so  iron  then  appeared  generally  purest 
in  the  waters  of  the  carboniferous  sea,  and  the  cause  of  the  deposit  at 
Ipstones  being  preserved  from  being  converted  into  a  protoxide,  most 
probably  arose  from  there  being  a  less  quantity  of  vegetable  matter  in  the 
waters  thereabouts  than  had  been  generally  the  case  during  the  deposition 
of  the  carboniferous  strata."     Again  in  a  paper,  "  On  the  Age  of  Hematite 
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Iron  Deposits  of  Furness,"  road  before  the  above-named  Society,  !>''<•.  lo, 
1867,  Mr.  Binney  says — "When  his  papers  (the  two  quoted  above)  were 
written,  conclusive  evidence  could  only  be  given  of  the  age  of  the  hematite 
iron  of  Ipstones,  in  Staffordshire,  which  was  clearly  interstratified  in  the 
Lower  Coal-measures  between  the  Rough  Rock  or  Upper  Millstone  Grit  of 
Professor  Phillips  and  the  Geological  Survey  and  the  Gannister  coal. 
Some  years  since  Mr.  Bolton,  of  Swarthmoor,  near  Ulverston,  showed  bim, 
amongst  other  fossils,  a  beautiful  specimen  of  Sigillaria  Vascularis,  exhibit- 
ing both  its  external  characters  and  its  internal  structure,  quite  as  perfect 
in  every  respect  as  the  specimens  found  in  the  Gaunister  or  hard  coal  at 
Halifax  or  the  Bullion  seam  of  Burnley,  all  converted  into  hematite  iron. 
At  this  time  no  doubt  existed  in  his  mind  of  its  having  come  from  one  of 
the  Furness  Iron  Mines,  but  Mr.  Bolton  could  give  him  no  proof  of  the 
exact  locality  where  it  was  found."  Further  on  Mr.  Binney  writes  (when 
referring  to  some  specimens  belonging  to  Miss  E.  Hodgson,  of  Ulverston) — 
"  They  do  not  exhibit  their  external  characters  so  well  as  Mr.  Swainson's 
(Mr.  Bolton's)  specimens  do,  but  one  is  a  Stigmaria,  the  root  of  Sigillaria, 
and  another  Lepidodmdron,  two  common  coal  plants  which  indicate  the 
carboniferous  age  of  the  deposits  hi  which  they  were  found  as  clearly  as 
any  fossil  organic  remains  can  do.  There  is  no  doubt  about  Miss  Hodgson's 
specimens.  They  came  from  the  Water  Blean  Mines,  and  plenty  more 
may  be  obtained  from  the  same  place.  They  are  all  converted  into  good 
hematite  iron,  that  substance  having  metallized  them  in  a  similar  way,  as 
we  find  plants  in  the  Coal-measures  converted  into  the  carbonate  of  the 
protoxide  of  iron  or  carbonate  of  lime."  And  again — "  The  discovery  of 
common  coal  plants  not  only  embedded  in  but  actually  formed  of  hematite 
iron  surely  indicates  the  Carboniferous  age  of  the  deposits  in  which  they  are 
now  found  as  clearly  as  it  well  can  be,  for  the  plants  must  have  been  floated 
in  with  the  water  which  brought  the  iron,  or  else  they  must  have  faUen 
into  the  cavities  when  such  were  open  at  the  top  and  the  iron  was  in  a  sort 
state.  Of  course  the  occurrence  of  such  plants  as  Sigillaria,  Lepidodmdron, 
and  Calamites,  occurring  as  they  do,  in  beds  from  the  lowest  to  the  highest 
Carboniferous  Strata,  would  give  little  evidence  of  any  particular  part  of 
that  epoch,  but  the  Sigillaria  Vascularis,  so  far  as  yet  known,  is  confined 
to  the  Lower  Coal-field,  not  far  in  geological  position  from  the  Ipstones 
hematite  previously  alluded  to  and  the  valuable  clay-band  ironstones  now 
wrought  at  Hazlehead,  west  of  Penistone.  The  deposits  of  hematite  in 
Furness  and  Cumberland,  found  in  hollows  of  the  Carboniferous  Limestone, 
and  covered  up  by  till  or  '  pinel,'  as  it  is  locally  termed,  or  more  rarely  by 
Permian  breccia,  are  so  much  alike  in  all  their  characters  that  if  the  origin 
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and  age  of  one  of  them  are  clearly  proved,  those  of  the  rest  must  follow 
almost  as  a  necessary  consequence." 

The  fact  of  hematite  being  interstratified  with  the  Lower  Coal-measures 
at  Ipstone  proves  to  Mr.  Binney  that  that  ore  at  any  rate  is  of  Lower  Coal- 
measure  age.  The  Furness  deposits  and  those  of  this  district  he  supposes 
to  be  of  the  same  age  from  the  fact  of  a  Sigillaria  Vascularis,  converted 
into  hematite,  having,  presumably,  been  found  in  one  of  the  Furness  de- 
posits. But  it  has  been  seen  that  at  Millyeat  a  bed  of  hematite  is  inter- 
stratified with  the  Upper  Coal-measures.  Now  that  cannot  possibly  be 
of  Lower  Coal-measure  age,  so  that  unless  there  have  been  two  or  more 
periods  of  hematite  deposition  in  this  district  the  other  deposits  are  not  of 
that  age  either.  In  tracing  the  physical  history  of  the  district  it  is  soon 
perceived  that  from  the  commencement  of  the  Carboniferous  era  to 
near  its  close  there  was  no  perceptible  breach  of  continuity  in  the  process 
of  rock  formation,  but  that  from  the  bottom  bed  of  Limestone  to  the  top 
of  the  productive  Coal-measures,  layer  after  layer  was  laid  on  in  uninter- 
rupted conformity.  This  is  proved  by  the  absence  of  overlapping  and  the 
comparative  regularity  that  prevails  in  the  thickness  of  the  strata  formed, 
during  that  time,  over  the  northern  part  of  the  district.  The  tilting  and 
accompanying  faulting  of  those  rocks  could  not,  therefore,  take  place  before 
the  period  of  upheaval  and  denudation  which  is  marked  by  the  physical 
break  that  occurs  between  the  Lower  and  Upper  Coal-measures.  This 
being  so,  it  follows,  if  the  ore  in  the  Carboniferous  Limestone  is  of  the  Lower 
Coal-measure  age,  as  Mr.  Binney  says,  that  these  deposits  must  have  been 
intersected  by  the  faults  alongside  which  they  lie;  but  is  this  so?  In  Fig. 
1,  Plate  XXIX.,  there  are  what  may  be  looked  upon  as  three  distinct  de- 
posits of  ore — ef,  e,"  and  e'" — the  two  first  being  on  the  north  side  of  the 
fault,  and  the  last  on  the  south.  Had  these  deposits  been  intersected  by 
the  fault — that  is  to  say  had  the  ore  been  there  before  the  fault  was  formed, 
part  of  e'  and  e"  would  have  been  found  on  the  south  side  of  that  fault  and 
part  of  e'"  on  the  north  side  of  it.  But  this  is  not  so,  and  therefore  it  fol- 
lows that  these  deposits,  at  any  rate,  could  not  possibly  be  of  the  Lower  Coal- 
measure  age,  in  fact  they  could  not  have  been  formed  before  the  sub- 
mergence which  preceded  the  deposition  of  the  Whitehaven  Sandstone,  so 
that  they  are  probably  of  the  same  age  as  the  Millyeat  ore.  It  will  thus 
be  seen  that  both  the  Upper  and  Lower  Carboniferous  deposits  are  younger 
than  they  are  supposed  to  be  by  Mr.  Binney,  for  what  has  been  proved  of 
the  deposits  shown  in  Plate  XXIX.,  Fig.  1,  is  equally  true  of  all  the  others 
in  the  same  rocks,  although  it  cannot  be  directly  demonstrated  for  the  simple 
reason  that  in  every  other  case,  so  far  as  the  writer  is  aware,  the  throw  of 
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the  fault  is  so  large  that,  cither  the  limestone  in  which  the  deposit  occurs  on 
one  side  is  thrown  off  on  the  other,  or  that  the  pits  working  the  deposit 
on  one  side  are  not  sufficiently  deep  to  enable  the  corresponding  horizon 

on  the  other  to  be  reached,  or  if  deep  enough,  are  not  on  the  right  side 
of  the  fault. 

A  glance  at  Plate  XIX.  will  show  that  those  east  and  west  fan  Its  which 
are  up  to  the  south  are  entirely  pre-permian,  their  last  movement  having 
taken  place  since  the  deposition  of  the  Whitehaven  Sandstone.  The  ex- 
tent of  that  movement  has  not  yet  been  ascertained,  but  it  is  certainly  over 
thirty  fathoms  in  some  cases,  for  the  great  Coal-measure  fault  has  thrown 
the  Whitehaven  Sandstone  out  altogether  on  the  south.  The  principal 
north  and  south  faults  are  also  of  pre-permian  origin,  but  they  have  had  a 
movement  since  the  deposition  of  the  St.  Bees  Sandstone.  In  some  cases 
this  movement  has  amounted  to  sixty  fathoms.  Now,  since  the  ore  was 
certainly  deposited  before  this  movement  took  place,  it  will  be  seen  that 
alongside  a  north  and  south  fault  a  deposit  of  hematite  in  the  same  bed  of 
limestone  may  be  very  much  higher  on  one  side  of  that  fault  than  it  is  on 
the  other  and  yet  not  be  older  than  the  fault,  but  simply  older  than  the 
last  movement  of  it.  These  remarks  are  made  by  way  of  reply  to  those 
who  maintain  that,  because  they  have  seen  a  deposit  of  ore  thrown  by  a 
north  and  south  fault,  all  faults  must  necessarily  be  younger  than  the  ore. 
To  those  who  hold  this  view  it  seems  that  the  large  masses  of  ore  which  lie 
by  the  great  Coal-measure  fault  at  Montreal  Mines  are  but  parts  of  still 
larger  deposits  which  have  been  intersected  and  dislocated  by  the  fault,  the 
remainder  of  the  ore  being  at  a  depth  of  nearly  800  fathoms  and  under  the 
Cleator  Moor  Coal-field.  The  fallacy  of  such  an  assumption  as  this — for 
it  is  nothing  more — the  author  would  submit,  must  be  apparent  to  any  one 
who  has  considered  the  above  observations.  So  far  from  this  fault  having 
had  a  movement  of  about  240  fathoms  (its  full  throw),  since  the  deposition 
of  the  ore,  it  seems  extremely  probable  that  it  has  never  moved  at 
all.  In  saying  this  the  author  is  not  unmindful  of  what  he  lias  previously 
said — that  the  ore  in  the  Carboniferous  Limestone  and  the  Millyeat  ore  are 
probably  of  the  same  age.  The  point  is  pressed  also  with  due  regard  to 
the  statement,  just  now  put  forward,  that  some  of  the  east  and  west  faults 
have  had  a  movement  of  unascertained  extent,  since  the  formation  of  the 
AVhitehaven  Sandstone,  in  which,  like  a  bed,  the  Millyeat  ore  occurs.  The 
reconciliation  of  these  apparently  contradictory  statements  will  be  found  in 
the  explanation  which  will  be  given  further  on  of  the  origin  oi'  the  deposits. 

Returning  to  the  starting  point  of  the  above  digression,  the  inference 
still  remains  that  the  ore  in  the  Carboniferous  rocks  could  not  have  been 
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deposited  before  the  submergence  which  resulted  in  the  formation  of  the 
Whitehaven  Sandstone.  The  deposits  in  the  granite,  the  Skiddaw  slate, 
and  the  Coniston  limestone,  are  doubtless  of  the  same  age,  although  at  pre- 
sent there  seems  to  be  no  means  of  proving  it,  but  it  does  not  appear  at  all 
likely  that  there  was  more  than  one  period  of  hematite  deposition.  The 
way  in  which  the  veins  in  the  granite  and  Skiddaw  slate  occur  in  the  sides 
of  hills,  dying  out  at  a  comparatively  uniform  depth  below  the  surface  of 
those  hills,  notwithstanding  that  that  surface  varies  very  considerably  in 
altitude,  as  shown  in  Fig.  2,  Plate  XXIL,  suggests,  if  it  does  not  prove, 
that  the  ore  in  these  older  rocks  was  not  deposited  until  after  the  hills  had 
assumed  somewhat  of  their  present  contour.  Altogether  it  may  safely  be 
considered  that  the  hematite  of  West  Cumberland  is  older  than  the  Lower 
Permian  breccia,  but  younger  than  the  bulk  of  the  Coal-measures.  This 
conclusion  is  equally  applicable  to  the  Furness  ore,  as  well  as  to  that  in 
the  Carboniferous  Limestone  of  Derbyshire,  near  Newhaven  House,  and 
that  in  the  Lower  Coal-measures  of  Staffordshire.  The  time  during  which 
it  is  possible  for  the  ore  to  have  been  deposited  is  rendered  by  the  above 
limitation,  very  small,  geologically,  but  when  the  origin  of  the  deposits  is 
considered,  there  will  probably  be  no  difficulty  in  fixing  their  age. 

IV.— ORIGIN  OF  THE  DEPOSITS. 

Various  attempts  have  been  made  to  answer  this  question,  but  none  of 
them  are  at  all  satisfactory.  Mr.  Binney,  in  his  paper  on  the  Geology  of 
Low  Furness,  already  quoted,  says — "  The  quantity  (of  iron)  in  the  Iron 
Mines  of  Low  Furness  is  such  as  to  indicate  a  proximity  to  the  source 
whence  it  originated.  It  appears  to  have  been  thrown  up  by  volcanic 
action  and  then  carried  by  some  means  into  the  valleys  and  fissures  where 
it  is  now  found.  But  whether  the  iron  was  injected  into  the  places  where 
it  is  now  met  with  through  the  fissures  immediately  below,  or  was  first 
mingled  with  the  waters  of  the  sea  when  they  flowed  through  the  fissures 
and  caverns  of  the  limestone  and  gradually  filled  them  up  with  the  metallic 
matter  held  partly  in  solution,  as  Professor  Sedgwick  thinks,  it  is  difficult 
to  determine."  Again,  in  his  paper  on  the  "  Origin  of  Ironstones,"  Mr.  Bin- 
ney says — "After  examining  the  beds  of  hematite  found  in  the  Carboniferous 
strata  in  regular  beds,  as  in  the  vicinity  of  Whitehaven  and  those  at 
Ipstones,  no  one  can  doubt  that  they  had  their  origin  in  volcanic  vents 
and  flowed  into  the  waters  of  the  sea,  where  they  were  deposited,  layer 
by  layer,  with  the  argillaceous  and  siliceous  impurities  found  associated 
with  them,  like  any  other  substance  thrown  down  from  suspension. 
This  is  evident  from  the  beautifully  laminated  structure  of  the  Ipstones 
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bod."  In  the  discussion  which  took  place  in  Manchester,  after  the  publi- 
cation of  the  author's  paper  on  the  Hematite  Deposits  of  Whitehaven  and 
Furness,  Mr.  William  Brockbank  is  reported  in  Part  1),  Vol.  XIII.  of  the 

Manchester  Geological  Society's  Transactions,  to  have  said — "  In  the 
porphyry  of  Bowfell  there  are  large  veins  of  true  kidney  hematite  ore,  and 
especially  in  the  hollow  or  cleft  between  its  two  summits.  The  pike  of 
Bliscoe,  in  Langdale,  is  deeply  veined  with  hematite  and  the  red  tarn  behind 
its  summit  derives  its  name  from  the  hematites  which  form  its  shores. 
Indeed  so  rich  are  the  veins  of  true  hematite  in  the  older  rocks  at  the  head 
of  Langdale  that  it  has  been  in  prospect  to  carry  a  railway  up  to  work 
them. 

"There  are  true  hematites  near  the  summits  of  Scawfell.     The  screes 
at  Wastwater  are  veined  with  them.     Red  pike  or  Ennerdale  gets  its  colour 
and  name  from  hematite  ore,  and  in  this  locality  it  was  smelted  by  the 
Romans.     All  these  are  in  the  syenite,  porphyry,  and  other  oldest  igneous 
rocks.     There  are  very  rich  mines  now  worked  in  clay  slate  at  the  foot  of 
(irasmere,  and  there  is  a  railway  making  up  the  Ravenglass  valley  to  con- 
vey the  ore  from  mines  which  occur  in  veins  in  the  granite  and  other  older 
rocks.     At  Lindal,  in  Cartmel,  a  vein  of  hematite  can  be  seen  between 
the  clay  slate  and  limestone,  and  all  round  Arnsicle  Knott  are  true  veins 
( if  hematite  much  altered  by  heat.     These,  then,  are  instances  of  the  oc- 
currence of  hematite  ores  directly  from  their  present  source,  and  in  my 
opinion  they  prove  the  origin  of  hematite  ore  to  be  igneous."    Further  on 
Mr.  Brockbank  is  reported  to  have  said — "  Now,  Professor  Phillips  de- 
scribes the  great  igneous,  granite,  and  syenitic  masses  about  Scawfell  and 
Bowfell  as  having  been  in  fusion  since  the  deposition  of  the  clay  slates, 
because  the  latter  are  everywhere  found  to  be  indurated  and  metamorphosed 
by  their  action.     It  is  these  very  igneous  rocks  which  now  bear  the  hema- 
tite veins  above  described,  and  we  thus  have  a  direct  clue  to  the  origin  of 
the  rest.     Bearing  in  mind  that  the  clay  slates  of  Dent  were  not  yet  above 
the  level  of  the  ocean,  we  may  picture  these  igneous  centres  pouring  out 
the  ferruginous  stream  of  lava-like  matter  seawards,  where  it  would  meet 
the  Carboniferous  rocks  tilted  and  fissured,  and  thus  fitted  to  receive  it. 
Then  followed  the  Permian  era,  and  after  long  ages  the  great  final  up- 
heaval by  which  the  outliers  of  the  Lake  District,  Dent-fell,  and  Cold-fell, 
in  the  Whitehaven  district,  Blackcomb,  in  the  Millom,  Ireleth  and  High 
Haume,  in  the  Fnrness  district,  were  pushed  through,  tilting  the  Carbo- 
niferous rocks,  and' again  Assuring  them  in  all  directions.     This  again 
would  not  be  the  work  of  a  moment,  but  it  would  in  all  probability  occupy 
an  epoch  giving  time  enough  for  denudations  and  the  wearing  out  of  the 
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subterranean  water-courses  or  caverns  which  became  filled  with  the  hema- 
tites wherever  circumstances  were  favourable." 

Afterwards,  Mr.  Plant,  quoting  Professor  Newberry,  geologist  for  the 
State  of  Ohio,  said  :  "  Red  hematite  consists  mainly  of  peroxide  of  iron, 
the  ores  of  which  have  been  plainly  derived  from  limonite  (brown  hematite) 
by  loss  of  the  combined  water.  The  famous  Cumberland  ore  of  England  is 
a  typical  example  of  this  variety.  This  was  once  a  hydrated  sesquioxide 
deposited  from  water  in  concretionary  masses,  and  having  a  fibrous, 
radiated  structure.  Similar  ore  is  found  in  various  parts  of  the  world ; 
wherever,  indeed,  a  limonite  has  been  subjected  to  metamorphic  action,  by 
which  its  water  is  removed,  hematite  is  found  in  concretions  or  botryoidal 
masses  in  sand  or  clay,  filling  crevices,  pockets,  and  basins,  or  incrusting 
slopes — wherever,  indeed,  chalybeate  waters  have  precipitated  its  iron.  It 
is  often  associated  with  limestone  rocks,  because  they  are  more  easily  than 
others  dissolved  by  atmospheric  water,  so  as  to  form  caverns  and  galleries 
where  the  ore  may  accumulate,  and  also  because  the  limestones  contain 
much  iron,  and  in  the  removal  of  the  carbonate  of  lime  by  solution,  the 
oxide  of  iron  is  left,  and,  to  a  certain  extent,  takes  its  place." 

In  the  discussion  of  a  paper  by  the  writer,  on  "Hematite  in  the 
Silurians,"  published  in  the  Quarterly  Journal  of  the  Geological  Society, 
May,  187(3,  the  late  Mr.  David  Forbes  is  reported  to  have  said,  "that  the 
direction  of  the  vein-like  deposits  is  due  to  their  being  formed  in  pre- 
existing fissures,  into  which  hematite  has  been  injected.  When  hematite 
is  found  in  caverns  it  has  been  washed  in  by  water." 

It  will  have  been  noticed  that  all  these  explanations,  as  well  as  that 
given  by  Professor  Harkness  and  Sir  Roderick  Murchison,  in  their  remarks 
upon  the  age  of  the  deposits,  require  the  existence  of  caverns  and  fissures 
in  which  the  ore  could  accumulate.  But  those  who  have  followed  carefully 
the  previous  remarks  on  the  inner  nature  of  the  deposits  mil  probably  by 
this  time  be  convinced  that  the  deposits  were  not  formed  in  either  caverns 
or  fissures.  Take  Fig.  1,  Plate  XXXI.,  for  instance.  It  must  be  clear  to 
everyone  that  the  ore  shown  there  could  not  by  any  possibility  have  been 
formed  in  a  cavern.  The  thin  bed  of  shale  /  running  through  the  ore  also 
passes  without  interruption  right  on  into  the  side  rock  c  and  c';  in  fact,  it 
is  interbedded  with  the  limestone,  and  therefore  must  have  been  formed  at 
the  same  time.  Now,  such  being  the  case,  it  is  evident  that  the  ore  which 
this  parting  intersects  cannot  have  been  thrown  down  in  a  cavern  pre- 
viously formed  in  the  limestone,  for  if  so,  this  thin  parting,  being  now  in 
the  same  relative  position  to  the  surrounding  rocks  as  it  was  when  first 
deposited,  must  have  stretched  across  that  cavern,  and  must  consequently 
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have  been  able  to  stand  without  intermediate  support  across  an  opening 
five  or  six  fathoms  wide.     Such  a  thing  is,  however,  altogether  impos- 
sible, for  it  must  be  evident  to  anyone  that  this  thin  parting  could  not 
possibly  stand  for  a  moment  if  the  support  was  taken  from  it,  as  it  must 
have  been  if  it  had  spanned  a  cavern.     Besides,  it  has  already  been  seen 
that  the  ore  was  preceded  by  the  faults,  so  that  the  shale  parting  /would 
receive  no  support  from  the  rocks  on  the  west  side  of  the  deposit,  as  it 
had  then  no  connection  with  them,  having  been  severed  sometime  pre- 
viously by  the  fault.     It  must,  therefore,  have  stood  out  from  the  side  of 
the  cavern  like  a  cantilever.     Such  a  thing  is,  however,  quite  impossible; 
so  that  it  may  be  said  with  certainty  that  the  ore  in  question  was  not  de- 
posited in  a  cavern.     In  the  author's  paper  "  On  the  Hematite  Deposits 
of  Whitehaven  and  Furness,"  it  was  shown  that  the  same  thing  held  for  a 
deposit  at  Eskett  Park ;    and  the  same  thing  is  also  shown  by  Fig.  3, 
Plate  XXX.,  for  the  Salter  Hall  deposit.     Fig.  2,  Plate  XXX.,  and  Figs. 
2  and  3,   Plate  XXXI.,  seem  equally  conclusive,  that  the  deposits  in 
which  they  were  seen  were  not  formed  in  a  cavern.     The  shale  nests  and 
partings  in  the  ore  shown  in  these  sections  were  evidently  formed  before 
the  Carboniferous  limestone  had  been  disturbed,  since  the  laminations  of 
the  shale  in  each  case  are  parallel  to  the  bedding  of  the  rocks  surrounding 
the  ore.     But  it  has  already  been  seen  that  the  ore  was  not  deposited  until 
after  the  limestone  had  been  tilted  and  faulted.     It  is  therefore  clear  that 
these  nests  and  partings  existed  before  the  ore  was  thrown  down,  which 
shows  that  it  could  not  have  been  laid  in  a  cavern,  or  the  shale  nests 
would  have  been  floating  in  mid-air.     This  conclusion  is  further  extended 
by  Plate  XXVIL,  Fig.  1,  Plate  XXIX.,  and  Figs.  1  and  2,  Plate  XXXII., 
where  the  ore  has  a  shale  "  roof."     No  one  at  all  acquainted  with  such- 
like deposits  could  for  a  moment  suppose  that  the  ore  there  shown  could 
by  any  possibility  have  been  deposited  in  a  cavern.     If  at  the  present 
time  in  working  the  ore  but  a  few  square  yards  of  these  shale  "  roofs"  be 
left  unsupported,  they  very  soon  fall  away.     How  could  they  have  stood, 
then,  before  the  ore  was  deposited  as  the  "  roofs"  of  immense  caverns 
several  acres  in  extent  ?     It  will  be  seen  by  an  examination  of  the  sections 
that  these  shale  beds  could  not  by  any  possibility  have  been  deposited 
after  the  ore,  for  they  are  interbedded  with  the  limestone,  and  conse- 
quently contemporaneous  with  that  rock.     Even  deposits  with  strong 
stone  "  roofs"  like  that  at  Parkside,  could  not  have  been  formed  in  a 
cavern.     Anyone  who  has  gone  through  the  Peak  Cavern  in  Derbyshire, 
which  is  the  largest  cavern  in  England,  must  have  been  struck  by  the 
immense  number  of  limestone  blocks  which  have  fallen  from  the  roof, 
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and  now  lie  in  piles  upon  the  floor.  Yet  the  size  of  the  largest  chamber 
in  that  cavern  is,  as  it  were,  a  mere  "  lough"  compared  with  that  which 
would  be  necessary  to  hold  the  Parkside  deposit ;  in  fact,  it  is  not  one-fortieth 
of  the  area.  Then,  the  great^  regularity  of  the  "  roof"  of  the  Parkside 
deposit,  and  the  absence  of  roof-stone  fragments  on  the  "floor"  (both 
contrasting  strongly  with  the  Peak  Cavern)  prove  conclusively  that  that 
deposit  is  not  a  filled  cavern. 

What  has  been  shown  for  some  of  the  deposits  is  equally  certain  of 
the  others,  as  could  easily  be  shown  were  it  necessary  to  multiply  exam- 
ples ;  so  that  it  may  be  with  every  confidence  asserted  that  at  any  rate 
the  ore  in  the  Carboniferous  limestone  was  not  deposited  in  caverns. 

That  the  Millyeat  ore  is  not  a  cavernous  deposit  will  probably  be 
admitted  by  all,  notwithstanding  its  great  resemblance  to  the  deposit 
shown  in  Plate  XXVII.,  winch  would  generally  be  looked  upon  as  having 
been  formed  in  a  cavern. 

It  will  be  as  well  next  to  see  how  far  the  idea  about  caverns  and  fis- 
sures is  supported  by  the  deposits  in  the  Skiddaw  slates  and  the  Eskdale 
granite.  It  has  been  seen  that  the  ore  in  both  these  rocks  does  not  occur 
continuously  in  the  veins,  but  that  each  vein  consists  of  a  number  of 
"  bunches"  or  "  bellies"  of  ore,  which  are  connected  by  what  the  miners 
call  a  "  leader."  Many  of  these  "  bunches"  present  an  area  of  several 
hundred  square  yards  when  viewed  in  longitudinal  section,  as  will  be  seen 
on  reference  to  Fig.  2,  Plate  XXII.  Now,  in  extracting  the  ore,  especially 
at  Kelton  Fell  and  Knockmurton,  the  miners  find  it  necessary  to  use  a 
quantity  of  timber  in  order  to  keep  up  the  "hanging  cheeks."  When 
"  stoping"  they  cannot  leave  many  yards  square  of  the  "  cheek"  unsup- 
ported, or  it  would  very  soon  fall  away.  How  could  it  have  ever  so  stood, 
then,  for  hundreds  of  yards  whilst  the  ore  was  being  deposited,  if  it  was 
deposited  in  an  open  fissure  ?  Clearly  it  must  have  fallen  away.  That 
it  has  not  done  so  is  a  proof  that  the  ore  was  not  deposited  in  a  fissure. 
Besides,  the  section  given  in  Fig.  1,  Plate  XXIII.,  bears  no  resemblance 
whatever  to  a  filled  fissure;  yet  many  similar  forms  may  be  found  in  these 
veins. 

The  same  thing  cannot  be  shown  so  directly  in  the  Water  Blean  ore, 
but  the  author's  impression  is  that  it,  like  the  others,  was  not  deposited 
in  caverns,  as  will  appear  further  on. 

The  effect  of  the  foregoing  conclusions  is  to  show  the  inadequacy  of 
all  those  attempted  explanations  of  the  origin  of  these  deposits  which 
involve  the  assumption  of  pre-existing  caverns  and  fissures;  that  is  to  say, 
of  all  the  explanation  hitherto  given  by  other  writers.     Those,  however, 
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who  have  not  witnessed  the  facts  on  which  they  arc  based  may  fail  to  Peel 
their  full  force,  so  that  it  may  not  be  undesirable  to  look  at  the  question 
from  another  point  of  view.  The  fact  which  chiefly  inclines  writers  and 
thinkers  to  the  idea  that  these  deposits  are  filled  caverns  and  fissures  is 
that  they  present  external  forms  exactly  similar  to  what  they  would  have 
had  if  the  ore  had  actually  been  placed  in  such  receptacles ;  but  it  must 
not  be  forgotton  that  similarities  are  not  identities.  Moreover,  it  will  be 
shown  further  on  that  precisely  similar  forms  might  be  imposed  upon 
the  deposits  by  an  entirely  different  process,  yet  one  which  is  consistent 
with  the  remaining  facts.  The  only  other  feature  of  the  deposits  that 
has  been  put  forward  as  suggesting  that  they  are  filled  caverns  is  that 
sometimes  in  working  the  ore  the  miners  strike  into  a  "  lough"  every  side 
of  which  but  that  against  the  ore  is  limestone  or  "  whirlstone."  This,  it 
is  said,  is  part  of  the  cavern  that  has  not  been  filled.  Now,  if  these 
"  loughs"  always  occurred  at  the  top  of  a  deposit,  there  might  be  some 
force  in  the  assertion ;  but,  seeing  that  they  are  found  at  the  bottom  and 
sides  as  well,  this  argument  is  much  weakened,  for  those  at  the  lower 
levels  would  surely  have  been  filled. 

Having  shown  that  the  ore  could  not  possibly  have  been  deposited  in 
caverns  and  fissures,  and  thereby  exposed  the  insufficiency  of  previous 
explanations,  it  may  seem  unnecessary  to  follow  them  further ;  but,  in 
order  to  show  their  general  incompetence,  the  writer  will  make  a  few 
observations  on  the  suggested  modes  in  which  the  caverns  and  fissures 
were  filled.  Mr.  Binney  and  Mr.  Brockbank  are  of  opinion  that  the  ore 
is  of  volcanic  origin,  and  that  it  was  either  injected  into  the  places  where 
it  is  now  met  with,  through  fissures  immediately  below,  or  it  was  first 
mingled  with  the  waters  of  the  sea  and  then  thrown  down  as  a  sediment. 
Referring  to  Fig.  3,  Plate  XXII.,  and  its  description,  it  will  be  seen  that 
everything  in  the  vein  is  arranged  in  lines  parallel  to  the  "  cheeks,"  as 
shown  by  the  kidney  ore  c".  In  the  veins  at  Kelton  and  Knockmurton 
the  same  thing  is  seen.  Now,  sedimentary  deposits  do  not  take  place  in 
this  way ;  they  seek  the  lowest  level  possible.  Moreover,  no  deposits  are 
known  which  are  formed  on  such  steeply-inclined  and  overhanging  faces 
as  the  "  cheeks"  of  veins  but  chemical  precipitates.  That  the  ore  was 
not  injected  directly  from  below  into  fissures  is  clearly  shown  by  the  gash- 
like form  of  the  veins,  the  ore  generally  becoming  less  and  less  as  it  goes 
deeper.  The  reverse  would  have  been  the  case  had  the  ore  come  from 
below,  for  as  the  distance  from  its  source  increased,  the  work  to  be  done 
by  the  ore  would  be  increased  too,  and  consequently  the  available  energy 
would  become  less  and  less;  so  that  as  the  ore  moved  forward  its  dimen- 
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sions  would  have  to  be  gradually  reduced.  Thus  it  would  happen,  that 
if  the  ore  had  been  injected  from  below  it  would  have  become  thicker 
in  depth ;  but  as  a  matter  of  fact  exactly  the  reverse  is  the  case. 
Again,  it  surely  is  to  be  expected  that  there  would  be  present  some 
evidence  of  the  calcining  effect  of  these  masses  of  molten  matter,  such  as 
a  hardening  of  the  enclosing  rocks ;  but  in  fact  tins  is  not  so,  but  the 
reverse.  So  that  it  may  be  taken  for  granted  that  the  ore  in  these  veins 
was  not  deposited  in  a  molten  state,  nor  indeed  as  a  sediment  from  water, 
for  the  reason  given  above.  Neither  was  the  ore  in  the  Carboniferous 
limestone  deposited  in  either  of  these  ways,  as  is  shown  by  the  existence 
in  it  of  fossils  belonging  to,  and  in  some  cases  consisting  of,  that  rock. 
Besides,  the  growing  together  of  the  limestone  and  ore  in  both  these 
deposits,  and  that  at  Water  Blean  in  the  Coniston  limestone,  is  quite 
opposed  to  either  of  the  above  explanations. 

The  views  of  the  late  Mr.  David  Forbes,  so  far  as  they  can  be  gathered 
from  his  few  remarks  on  the  subject,  appear  to  have  been  somewhat 
similar  to  those  of  Mr.  Binney  and  Mr.  Brockbank,  so  that  it  is  not  neces- 
sary to  notice  them  separately ;  neither  is  anything  special  found  in  the 
opinions  of  Professor  Newberry,  Sir  Boderick  Murckison,  and  Professor 
Harkness.  After  these  preliminary  remarks,  the  author  will  proceed  to 
give  his  theory. 

It  is  known  that  when  certain  material  elements,  or  certain  combina- 
tions of  those  elements,  are  brought  into  contact  under  certain  conditions 
there  takes  place  between  them  a  chemical  reaction.  For  instance,  if  a 
piece  of  chalk  is  dropped  into  a  solution  of  perchloride  of  iron,  there  at 
once  sets  in  a  reaction  between  them ;  part  of  the  chalk  is  dissolved,  and 
a  red  precipitate  thrown  down  in  its  place.  In  time  the  chalk  would 
disappear  altogether,  and  nothing  be  left  but  this  red  precipitate.  Now, 
that  seems  to  be  the  process  by  which  the  hematite  deposits  were  produced. 
The  limestone,  the  slate,  and  the  granite  were  each  attacked  like  the  chalk 
in  the  above  experiment  by  a  solution  of  iron,  by  which  parts  of  them 
were  removed  and  peroxide  of  iron  thrown  down  in  place  thereof.  Ap- 
plying this  explanation  first  to  the  limestone  deposits,  and  especially  to 
that  shown  in  Fig.  1,  Plate  XXXI.,  and  supposing  that  d  and  d'  were 
originally  beds  of  limestone  with  the  shale  parting  /  between  them,  and 
that  by  a  process  similar  to  that  seen  in  the  above  experiment,  these 
limestone  beds  were  replaced  by  ore,  the  reason  why  the  shale  parting  has 
never  fallen  away  becomes  apparent ;  for  of  course  it  would  never  be  left 
unsupported,  for  as  the  limestone  was  taken  away  in  solution  the  ore 
would  be  thrown  down  in  its  place.     The  same  explanation  shows  why 
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the  shale  partings  in  the  ore  In  Figs.  2  and  8,  Plate  XXX.,  and  the  shale 
"roofs"  in  Plate  XXVII.,  Fig.  1,  Plate  XXIX.,  Pigs.  1  and  2,  Hate 
XXXI.,  and  Figs.  1  and  2,  Plate  XXXIL,  have  not  fallen  away.  It 
shows,  too,  how  the  nests  of  shale  in  Figs.  2  and  3,  Plate  XXX!.,  which 
certainly  were  formed  before  the  ore,  have  come  to  be  in  the  apparently 
anomolous  position  in  which  they  are  found.  As  already  stated,  these 
nests  must  have  been  deposited  before  the  rocks  were  tilted,  and  therefore 
before  the  ore  was  deposited;  for  that  did  not  take  place  until  the  rocks 
had  assumed  very  much  of  their  present  position.  The  shale  must  have 
been  deposited  along  with  the  limestone,  but  offering,  as  it  would,  a 
greater  resistance  to  the  iron  solution,  the  limestone  around  it  lias  been 
removed  and  replaced,  whilst  the  shale  has  remained  but  very  little  altered. 
To  some  it  may  appear  difficult  of  belief  that  the  shale  could  be  deposited 
in  such  curious  nests  contemporaneously  with  the  limestone ;  but  these 
are  referred  to  the  section  shown  in  Fig.  4,  Plate  XXXIIL,  which  was 
sketched  by  the  writer  in  the  Salter  Hall  Mines. 

It  is,  however,  apart  from  this  section,  equally  difficult  to  see  how  the 
nests  could  have  been  formed  at  the  same  time  as  the  ore  was  deposited; 
so  that  no  peculiar  difficulty  stands  in  the  way  of  the  replacement  process, 
because  it  is  impossible  to  show  how  such  nests  originated.  Again,  it 
will  be  seen  how  it  is  that  the  "roof"  of  such  deposits  as  that  at  Parkside 
has  not  fallen;  and  also  why  only  those  deposits  in  the  Third,  Fourth, 
Fifth,  and  Bottom  Limestone  have  shale  partings.  The  First  and  Second 
Limestones,  it  will  be  seen  by  reference  to  the  table,  page  113,  are  not 
split  up  by  partings  like  those  below ;  so  that  no  partings  could  be  ex- 
pected in  the  ore  which  had  replaced  those  limestones. 

The  north  and  south  direction  of  the  deposits,  when  not  interfered 
with  by  east  and  west  faults,  the  occurrence  of  "  guts"  in  the  "  roof"  of 
such  deposits  as  that  at  Fletcher  Pit  and  the  "  rolls"  in  the  "  floor"  of  the 
Parkside  deposit,  as  well  as  the  general  cavern-like  form  of  the  deposits 
as  a  whole,  can  each  and  all  be  satisfactorily  explained  on  the  supposition 
of  a  replacement  process.  At  one  time  or  another  the  author  has  examined 
nearly  all  the  principal  caverns  in  England,  with  the  view  of  seeing  what 
light  they  threw  upon  these  hematite  deposits,  and  invariably  found  that 
the  different  chambers  of  those  caverns  are  hollowed  out  on  the  lines  of 
jointing,  sometimes  following  one  set  of  joints  and  sometimes  another ; 
but  the  largest  chambers  were  along  those  joints  which  run  nearly  north 
and  south.  This  may  be  well  seen  in  the  Peak  Cavern,  in  Derbyshire, 
the  three  largest  chambers  of  which — the  Victoria  chamber,  the  great 
chamber,  and  the  chamber  at  the  entrance  where  the  twine  spinning  is 
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carried  on — are  on  the  line  of  the  north  and  south  joints.  Then,  again, 
in  the  Blue  John  Mine,  in  the  same  county,  the  beautiful  chamber  known 
as  Lord  Mulgrave's  dining-room,  and  the  still  larger  chamber  at  the  end 
of  the  cavern,  are  both  on  the  line  of  the  north  and  south  joints.  So 
also  are  the  largest  parts  of  Poole's  Cavern,  near  Buxton.  In  the  Brixhara 
Cavern,  in  Devonshire,  the  correspondence  of  the  different  chambers  with 
lines  of  jointing  may  be  very  distinctly  seen.  It  is  also  very  well  displayed 
in  Kents  Hole,  and  in  the  author's  paper  "  On  the  Hematite  Deposits  of 
Whitehaven  and  Fumess"  the  same  was  shown  to  obtain  in  a  cavern  at 
Stainton,  in  Furness.  The  explanation  is  probably  this :  that  carbonated 
water  has  gained  access  to  the  limestone  along  the  joints,  and  that  it  has 
dissolved  the  limestone,  particle  by  particle,  on  those  lines,  and  afterwards 
carried  it  away  until  at  length  the  widening  joints  united  and  formed  the 
present  caverns.  The  action  of  a  solution  of  iron  such  as  has  been  named 
would  just  be  the  same,  only  that  as  the  limestone  was  dissolved  and 
carried  away,  peroxide  of  iron  woidd  be  thrown  down  in  its  place.  Thus 
it  may  be  seen  how  it  is  that  the  "  guts,"  the  "  rolls,"  and  the  deposits  as 
a  whole  are  parallel  to  the  joints.  But  why  they  keep  to  those  that  are 
nearly  north  and  south  cannot  be  explained  so  clearly,  unless  it  is  that 
the  joints  having  this  direction  are  stronger  and  more  persistent.  That 
would  certainly  account  for  it,  and  may  probably  be  considered  as  the 
correct  explanation,  for  as  a  matter  of  fact  the  north  and  south  joints  are 
more  persistent ;  but  still  east  and  west  caverns  are  found,  so  that  east 
and  west  deposits  of  iron  might  with  reason  have  been  expected.  Of 
course  very  much  will  depend  upon  the  manner  in  which  the  acidulated 
water  obtains  access  to  the  rocks ;  and  the  author  hopes  to  be  able  to 
show  further  on,  that  it  was  just  this  which  determined  the  parallelism  of 
the  deposits. 

The  growing  together  of  the  ore  and  stone  is  also  explained  by  the 
replacement  process.  Being  an  operation  which  requires  some  time  for 
its  completion  it  will  of  necessity  only  be  complete  where  that  time  has 
been  sufficient.  From  there  to  the  unaltered  stone  it  will  be  less  and  less 
complete,  that  is  to  say  between  the  ore  and  stone  there  will  be  a  sort  of 
"  No  man's  land,"  occupied  partly  by  stone  and  partly  by  ore,  the  one  in- 
creasing as  the  other  diminishes,  and  each  retaining  less  of  its  peculiar 
character  as  the  distance  increases  from  its  native  land.  The  greater  re- 
sistance presented  to  the  iron  solution  by  the  siliceous  portions  of  the 
limestone  is  no  doubt  the  reason  that  they  were  left  hi  masses  in  the  de- 
posits as  now  found.  The  form  of  these  siliceous  masses  would  doubtless 
in  many  cases  affect  the  shape  and  direction  of  the  deposit,  as  the  iron 
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solution  would  act  more  easily  on  the  limey  portions  than  on  them.  Tin's 
is  probably  the  reason  that  the  sides  of  the  ore  sometimes  take  very  pecu- 
liar and  irregular  turns.    For  the  same  reason  the  shale  and  sandstone 

forming  the  roof  and  sole  in  many  deposits  would  not  lie  replaced.  The 
softer  nature  of  the  ore  adjoining  some  shale  beds  is  probably  due  to  the 
admixture  of  shale  with  the  limestone  which  the  iron  replaced,  for  the 
change  from  limey,  to  argillaceous  and  siliceous  conditions  would  no  doubt 
be  gradual.  The  shale  thus  incorporated  with  the  limestone  not  being  so 
easily  acted  upon,  as  the  latter  rock,  remains  now  mechanically  mixed  with 
the  ore,  rendering  it  soft  in  proportion  to  the  quantity  of  shale  there  is. 

The  laminated  nature  of  some  of  the  ore  near  the  stone,  and  the  alter- 
nate hard  and  soft  beds  sometimes  met  with,  are  both  easily  explained  by 
the  replacement  process,  as  is  also  the  occurrence  in  the  ore  of  fossils — 
some  converted  into  hematite — belonging  to  the  Carboniferous  Limestone. 
These  fossils,  like  the  shale  beds  in  the  ore,  are  an  insurmountable  obstacle 
to  all  other  explanations,  but  to  this  they  offer  no  difficulty  whatever ;  in 
fact,  they  are  another  proof  of  its  truth  and  theoretical*  nature. 

In  applying  this  explanation  to  the  Millyeat  ore,  the  nature  of  the  bed 
before  the  replacement  was  effected  cannot  positively  be  pointed  out,  but 
from  the  thin  irregular  layers  of  limestone  found  in  it,  and  the  large  quan- 
tity of  lime  which  exists  in  a  diffused  state  in  some  of  the  poorer  ore,  it 
seems  extremely  probable  that  it  was  originally  a  limestone.  This  is  the 
more  likely,  as  the  horizon  is  about  the  same  as  that  of  the  Spirorlis  Lime- 
stone of  the  Upper  Coal-measures  of  Ayrshire  and  Lancashire,  etc.  With 
a  view  of  testing  this  supposition  the  author  has  several  times  looked  for 
Spirorlis  in  the  ore  but  as  yet  has  not  succeeded  in  finding  any.  That, 
however,  is  only  negative  evidence  and  does  not  go  for  much,  if  anything 
at  all ;  but  that  the  bed  was  originally  limestone  there  seems  to  be  very 
little  doubt.  When  the  rocks  rose  from  beneath  the  waters  of  the  Carbo- 
niferous sea,  after  the  deposition  of  the  Whitehaven  sandstone,  denudation 
commenced  its  work  of  destruction  on  their  upturned  edges.  This  con- 
tinued without  intermission  until  it  was  terminated'  by  the  submergence 
which  immersed  the  rocks  in  the  reddened  Permian  sea,  Then  it  was  that 
the  replacement  of  the  bed  of  limestone  by  the  hematite  was  accomplished. 
This,  doubtless,  is  the  age  of  all  the  other  ore  too,  that  is  to  say,  early 
Permian. 

The  veins  in  the  granite  and  Skiddaw  slate  are  also  more  easily  explained 
on  the  assumption  that  they  were  formed  by  replacement,  for  then  the  diffi- 
culty of  keeping  up  the  hanging  wall,  whilst  the  ore  was  being  deposited, 

*  This  word  is  not  here  used  as  signifying  opinion,  a  sense  in  which  it  is  too  often  used. 
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has  not  to  be  contended  with  as  is  the  case  when  also  supposed  to  have  been 
deposited  in  fissures.  Besides,  by  this  supposition,  there  is  an  easy  expla- 
nation of  the  occurrence  of  the  ore  in  such  forms  as  shown  in  Fig.  1,  Plate 
XXIII.,  of  those  pieces  of  slate  in  the  veins  of  Kelton  and  Knockmurton 
which  are  so  largely  impregnated  with  iron  as  to  be  almost  indistinguish- 
able from  some  of  the  more  earthy-looking  ore  and  of  the  transition  from 
granite  to  ore,  described  as  sometimes  occurring  in  the  veins  of  Eskdale, 
whilst  every  other  feature  of  these  veins  may  be  more  simply  explained  by 
replacement  than  on  the  assumption  that  they  are  filled  fissures.  They 
are  less  than  the  deposits  in  the  Carboniferous  limestone  for  the  simple 
reason  that  the  rocks  in  which  they  occur  are  more  insoluble. 

In  extending  the  explanation  to  the  "Water  Blean  deposit  a  difficulty 
is  met  with.  Mr.  Binney  (as  already  mentioned)  states  that  he  has  seen 
several  fossil  coal  plants,  converted  into  hematite,  which  had  come  from  this 
deposit.  Now  if  the  ore  had  replaced  the  original  limestone,  the  supposed 
coal  plants  must  have  been  imbedded  in  that  limestone;  that  is,  however, 
scarcely  possible,  seeing  that  the  limestone  is  of  Silurian  age,  so  that  it 
must  be  concluded  either  that  coal  plants  have  not  been  found  in  the  de- 
posit at  all;  or,  if  so,  that  it  was  not  formed  by  replacement.  The  author 
chooses  the  former  alternative,  for,  as  already  stated,  he  does  not  believe 
that  the  structures  referred  to  by  Mr.  Binney  are  plants  of  any  kind,  but 
simply  what  is  known  as  "  ring  ore,"  whilst  the  growing  together  of  the 
limestone  and  ore,  similarly  to  what  is  seen  in  the  Carboniferous  Lime- 
stone deposits,  convinces  him  fully  that  this  deposit,  like  the  others,  was 
formed  by  replacement. 

It  is  not  intended  to  say  much  as  to  the  source  of  the  ore.  That  it 
was  primarily  volcanic  will  be  admitted  by  all  without  hesitation.  The 
question  of  greater  interest  is,  how  was  it  introduced  immediately  to  its  pre- 
sent positions?  Referring  back  to  the  time  when,  after  the  denudation  of 
the  Whitehaven  sandstone,  the  rocks  were  sunk  into  the  Permian  sea,  and 
supposing  that  the  subsidence  continued  until  the  highest  mountain  tops 
were  covered,  which,-  from  what  has  been  already  stated,  was  the  time  that 
the  last  movement  of  the  east  and  west  faults  took  place.  In  all  proba- 
bility there  would  be  a  movement  of  the  north  and  south  faults  as  well,  but 
as  already  seen  it  was  not  their  last.  Now,  if  it  can  be  supposed  that  the 
oerchloride  of  iron  was  breathed  through  these  moving  fractures  and  dis- 
s<  >lved  in  the  waters  of  the  sea,  all  the  conditions  necessary  for  the  pro- 
duction of  the  West  Cumberland  hematite  deposits  are  present.  That  too 
much  is  not  assumed  will  be  admitted  when  it  is  remembered  how  frequently 
this  salt  of  iron  is  found  among  volcanic  emanations  at  the  present  time. 
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No  sooner  then  would  the  iron  solution  be  formed  than  a  reaction  would 
set  in  between  it  and  the  rooks.  In  the  Carboniferous  limestone  the 
irony  water  would  doubtless  circulate  freely  along  the  lines  of  faulting,  the 

limestone  would  be  dissolved,  and  iron  thrown  down  in  its  place.  Thus 
the  direction  of  the  faults  would  in  a  great  measure  determine  that  of  the 
deposits,  although  there  might  occur  cases  such  as  that  at  Lord  Leconfield 
and  Wyndham  Pit,  where  the  iron  would  gain  access  to  the  limestone 
more  easily  along  the  north  and  south  joints  than  on  east  and  west  faults. 
The  deposits  in  the  granite  and  slate,  as  well  as  those  in  I  lie  Ooniston 
limestone  and  Upper  Coal-measures,  are  in  this  way  also  easily  explained. 
The  proximity  of  the  ore  to  the  eroded  surface  of  the  pre-Permian  rocks 
and  the  localisation  of  the  deposits  are  both  necessary  consequences  of  the 
actions  involved  in  this  explanation.  The  gaseous  emanations  would  not 
be  dissolved  until  they  met  the  water  near  the  surface  of  the  rocks,  so  that 
it  would  be  there  that  the  reaction  between  the  iron  solution  and  the  rocks 
would  take  place.  The  lines  of  pre-Permian  faulting  being  the  passages 
along  which  the  iron  travelled  upwards  from  its  source  to  the  superincum- 
bent waters,  it  is  to  be  expected  that  the  absence  of  faults  would  indicate 
the  absence  of  deposits.  Now  a  careful  examination  of  the  district  em- 
braced in  Plate  XIX.  shows  that  this  is  so.  Then  again,  in  the  hitherto 
barren  country  between  Rowrah  and  Ullock,  there  is  a  great  absence  of 
faults,  the  only  large  one,  not  having  yet  been  proved,  as  to  whether  there 
is  ore  by  the  side  of  it  or  not. 

Those  who  have  read  the  author's  previous  papers  on  this  subject  will 
notice  some  changes  of  opinion  in  this,  the  most  important  being  as  to  the 
source  of  the  iron  and  the  form  in  which  it  was  introduced  to  the  rocks. 
The  replacement  process  which  was  previously  applied  to  some  deposits 
only  is  now  extended  to  all.  When  first  the  writer  began  to  study  these 
deposits  the  idea  of  caverns  and  fissures  was  adopted.  Very  soon,  how- 
ever, its  incompetence  to  explain  the  facts  became  apparent.  Accumu- 
lating observations  spoke  stronger  and  stronger  against  it,  and  at  length 
completely  annihilated  it.  In  its  place  has  been  adopted,  as  more  agreeable 
to  the  facts,  the  idea  embodied  in  this  paper. 

In  conclusion  the  writer  would  extend  this  explanation  to  the  Furness 
deposits,  to  the  Ipstones  hematite,  and  that  found  in  the  Carboniferous 
limestone  near  Xewhaven  House,  in  Derbyshire.  The  "  growing  together" 
of  the  ore  and  limestone  there  is  exactly  the  same  as  it  is  here.  The  ex- 
planation also  seems  sufficient  for  the  ore  found  at  Whitechurch,  in  Gla- 
morganshire, mentioned  in  Part  III.  of  the  Iron  Ores  of  Great  Britain. 
The  writer  there  says — "This  bed,  situate  in  the  Lower  Limestone  shales, 
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is  made  up  entirely  of  remains  of  encrinites.  These  habitants  of  an  ancient 
sea  seem  to  have  collected  in  some  quiet  spots  out  of  the  reach  of  currents 
and  to  have  had  the  power  of  secreting  iron  to  a  great  extent,  with  the 
lime  necessary  for  their  support — tracing  the  same  bed  west  and  east,  it 
becomes  gradually  changed  into  an  encrinital  limestone."  It  seems,  then, 
that  if  it  is  supposed  that  part  of  the  limestone  has  been  replaced  by  iron, 
a  very  simple  explanation  of  these  facts  has  been  arrived  at.  The  lime- 
stone and  hematite  deposits  in  the  Devonian  limestone  near  Brixham,  in 
Devonshire,  and  in  the  granite  and  Devonian  slate,  in  Cornwall,  would  be 
explained  in  the  same  way.  The  deposits  at  Galena,  at  Alston  Moor,  and 
in  Derbyshire,  seem  to  have  had  a  similar  origin,  as  weU  as  many  other 
deposits  which  need  not  now  be  mentioned. 
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GENERAL    MEETING,   SATURDAY,    FEBRUARY    15th,    1879,    IN    THE 
WOOD    MEMORIAL    HALL. 


A.  L.  STEAVENSON,  Esq.,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  general  meeting,  and 
reported  the  proceedings  of  the  Council. 
The  following  gentlemen  were  elected  : — 

Ordinary  Member — 

Mr.  Tom  Pattinson  Martin,  Colliery  Manager,  Allhallows  Colliery,  Mealsgate, 
Carlisle. 

Associate — 
Mr.  Louis  Clotis,  1,  Borough  Houses,  Gateshead-on-Tyne. 

Students — 

Mr.  A.  B.  Blakelet,  Hollyroyd,  Dewsbury. 

Mr.  H.  Child,  Whitkirk,  near  Leeds. 

Mr.  Jos.  Wm.  Pattison,  Londonderry  Offices,  Seaham  Harbour. 

Mr.  Septimus  H.  Hedley,  Londonderry  Offices,  Seaham  Harbour. 

Mr.  Thomas  Smith,  Leadgate,  County  of  Durham. 

The  following  were  nominated  for  election  at  the  next  meeting : — 
Associates — 

Mr.  John  Elyott  Doyle,  B.A.,  Lecturer  iu  Natural  Science,  St.  Peter's 

Terrace,  Birmingham. 
Mr.  Patrick  Doyle,  C.E.,  F.G.S.,  Superintendent  of  Public  Works,  Surveys, 

and  Mines,  Perak,  via  Penang,  Straits  Settlements. 

Student — 
Mr.  James  Kenneth  Guthrie,  Ryton-on-Tyne. 
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15G  DISCUSSION — EXPERIMENTS   WITH   COAL   DUST. 

The  Chairman  announced  that  the  paper  by  Messrs.  A.  Freire- 
Marreco  and  D.  P.  Morison,  "  An  account  of  some  recent  Experiments 
with  Coal  Dust,"  was  open  for  discussion. 

Mr.  D.  P.  Morison  said,  the  paper  was  intended  more  as  a  theoretical 
commencement  than  as  a  practical  following  out  of  the  subject.  The 
authors  thought  that  it  would  be  advisable  to  bring  the  matter  before 
the  Institute,  in  order  that  the  members  themselves  might  have  the 
opportunity,  either  in  the  discussion  upon  the  paper  or  in  subsequent 
papers,  of  bringing  forward  any  practical  facts  in  their  experience 
bearing  upon  the  matter.  Since  the  publication  of  the  paper  they  had 
received  several  communications  from  different  parts  of  the  country, 
giving  instances  where  coal  dust  had  ignited  from  blown-out  shots  or 
similar  causes,  as  well  as  of  accidents  which  had  occurred  in  screens  or 
other  places  where  coal  dust  had  been  thrown  upon  fire  or  flame  of  some 
kind.  There  was  no  doubt  whatever  that  a  great  many  accidents  had 
taken  place  in  that  way;  and  it  would  be  very  interesting  if  all  these 
could  be  compiled  together  in  a  paper  to  follow  up  the  humble  effort 
which  Professor  Marreco  and  himself  had  made,  in  a  theoretical  way,  to 
introduce  the  subject,  which  was  one  well  worth  attention ;  and,  if  they 
(the  authors  of  the  paper)  were  right  in  their  conclusions,  it  was  one  of 
such  importance  as  to  make  its  special  consideration  highly  necessary  in 
all  cases,  but  more  especially  where  hot  and  dry  seams  were  being  worked. 
One  suggestion  which  had  been  made  in  the  matter  was  that,  where 
practicable,  especially  in  the  main  ways,  the  dust  should  be  periodically 
watered;  and  another  suggestion  which  was  important,  although  in  a  less 
degree,  was  that  no  tamping  of  the  shot  holes  should  be  made  with  slack 
or  small  coal,  as  the  tendency  of  slack  was  to  allow  the  shot  to  blow  out 
and  very  likely  to  ignite  the  dust  with  which  it  came  in  contact. 

Mr.  W.  Logan  said,  that  in  grinding  coals  by  a  Carr's  disintegrator, 
for  making  coke,  in  cases  where  the  disintegrator  is  closely  covered  over, 
and  the  ground  coal  falls  into  a  large  hopper  underneath,  the  air  in  the 
hopper  is  heavily  charged  with  coal  in  a  finely  divided  state.  He  had  seen 
an  ordinary  large  oil  lamp  lighted,  and  burning  with  a  considerable  flame, 
introduced  several  times  into  such  a  hopper  without  causing  an  explosion; 
hence  some  other  condition  or  conditions  seem  to  be  necessary  to  cause  an 
explosion  when  the  air  is  merely  charged  with  coal  dust,  and  these  would 
appear  to  be — 

1. — The  coal  dust  must  be  in  a  dry  state ;  and,  to  have  full  effect, 
the  surrounding  air  must  be  warm  and  dry. 
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2. — The  flame,  to  ignite  the  coal  dust,  must  have  a  high  temperature. 
A  case  illustrating  these  conditions  occurred,  in  1800,  in  the  county 
of  Durham.  Two  men  were  working  in  a  warm,  dry  atmosphere, 
heavily  charged  with  fine  coal  dust,  at  a  depth  of  not  less  than  250 
fathoms  from  the  surface,  shooting  down  a  balk  or  depression  of  stone 
which  had  thinned  the  coal-seam  at  the  face  of  a  working  place.  A  hole 
was  drilled  in  the  stone  and  charged  with  powder.  Both  men  had  safety 
lamps  (improved  Stephenson),  but  one  of  the  lamps  had  been  unscrewed 
to  light  the  fuse,  and  had  been  screwed  on  afterwards.  The  charge  had 
gone  off",  but  did  not  blow  out  much  stone,  so  that  it  had  acted  nearly  as 
a  blown-out  shot.  For  a  distance  of  at  least  80  yards  back  from  the 
place  where  the  shot  was  fired,  the  sides  of  the  props  and  timber  exposed 
to  the  force  of  the  blast  were  found  covered  with  charred  coal  dust  to  a 
depth  varying  from  one-eighth  to  one-quarter  of  an  inch.  After  lighting 
up  the  fuse,  the  men  had  retired  to  the  first  bord  on  the  out-bye  side, 
when  their  lamps  were  afterwards  found  perfect.  After  the  explosion  the 
men  had  endeavoured  to  make  their  way  out,  as  one  of  them  was  found 
40  yards,  and  the  other  GO  yards  away,  both  having  been  suffocated  by 
the  after-damp,  one  of  them  being  only  very  slightly  burned.  No  gas  had 
been  found  either  before  or  after  the  explosion  in  the  district,  at  any  rate 
not  in  sufficient  quantity  to  show  upon  the  lamp,  and  no  indication  of  a 
sudden  blower  of  gas  could  be  found. 

It  appears  from  the  paper  under  discussion  that  coal  dust  will 
explode  under  another  condition,  namely,  when  it  falls  in  bulk  and 
comes  in  contact  either  with  a  flaming  fire  or  the  hot  flame  of  a  gas  jet, 
as  mentioned  in  Appendices  4  and  5.  In  trying  some  experiments 
which  confirm  this,  he  found  that  it  is  not  absolutely  necessary  that 
the  fire  upon  which  it  falls  should  be  flaming,  for  if  fine,  dry  coal  dust 
in  bulk  be  allowed  to  fall  from  a  height  on  to  a  bright  coke  fire,  a 
considerable  explosion  will  take  place.  He  would  be  glad  if  the  authors 
of  the  paper  could  say  whether  they  have  tried  any  experiments  to 
show  what  temperature  is  necessary  to  cause  an  explosion  of  coal 
dust,  as  it  appears  to  be  an  important  point  in  the  inquiry.  Is  it 
not  probable  that,  in  coal  dust  explosions,  the  heat  from  the  initial 
explosion  causes  the  coal  dust  to  evolve  gas,  which,  being  ignited,  aug- 
ments the  explosion,  and  that  without  this  initial  heat  to  evolve  the  gas 
no  explosion  from  coal  dust  can  arise  ? 

In  conclusion,  Mr.  Logan  stated  that  explosions  were  frequently  known 
to  take  place  when  coke-ovens  were  re-charged  from  the  top,  shortly 
after  having  been  drawn,  with  coal  that  had  been  finely  pulverised  by  a 
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Carr's  disintegrator,  especially  when  the  first  tub  emptied  is  more  than 
usually  fine,  or,  as  it  is  called  by  the  men,  dusty  or  sooty.  The  flame 
from  these  explosions  is  sometimes  projected  as  far  as  six  feet  outside 
the  oven. 

Mr.  Robert  Stevenson  said,  he  was  sorry  he  had  not  brought  with 
him  any  very  definite  information,  as  he  had  not  intended  to  take  any  part 
in  the  discussion,  but  having  mentioned  the  matter  to  the  Secretary,  that 
gentleman  had  requested  him  to  state  a  few  of  the  facts  which  he  had  met 
with  in  mining  in  North  Staffordshire.  The  coals  there  are  impregnated 
with  hydro-carbon  gas  to  a  great  extent.  When  the  mine  was  dry,  the 
ventilation  good,  and  no  gas  present,  when  the  miners  were  at  work, 
sufficient  dust  was  produced  to  show  a  cap  on  the  flame  in  the  safety- 
lamps,  which  cap  was  not  produced  after  the  men  had  ceased  working  for 
an  hour  or  so  and  the  dust  had  settled  down  or  had  passed  away  with  the 
current  of  air;  and  as  the  ventilation  and  all  the  other  circumstances 
connected  with  the  place  were  in  the  same  condition  both  when  the  men 
were  working  and  when  they  had  ceased,  the  inference  was  that  it  was  the 
dust  raised  by  their  work  and  not  gas  that  had  produced  the  cap.  He, 
himself,  had  often  seen  under  similar  circumstances  a  cap  an  inch  in 
height  over  the  flame  in  a  Davy-lamp,  accompanied  by  brilliant  scintilla- 
tions, which  he  considered  plainly  showed  that  the  dust  was  explosive; 
indeed,  they  had  had  several  explosions  which  could  not  be  ascribed  to 
anything  except  this  coal  dust.  He  considered  the  subject  itself  was  one 
of  very  great  importance,  and  had  been  very  ably  treated  by  the  authors 
of  the  paper  they  were  discussing,  and  he  would  be  very  glad  if  the 
Institute  would  carry  these  experiments  still  further,  and  find  out  some 
method  of  preventing  the  explosions  which  occur  from  coal  dust.  He 
thought,  also,  that  it  was  quite  reasonable  to  suppose  that  coal  dust  was 
explosive,  for  the  molecules  of  coal  floating  in  the  air  might  be  compared 
to  little  balloons  charged  with  gas  which  only  required  heat  to  develop, 
and  which,  when  mixed  with  ah-  in  suitable  proportions,  were  sure  under 
certain  conditions  to  explode;  and,  in  firing  shots  in  some  of  their  seams, 
they  had  to  use  many  precautions  or  they  would  have  very  many  such 
explosions.  For  instance,  the  fireman,  before  he  fires  the  shot,  is  directed 
to  moisten  the  atmosphere  within  twenty  yards  of  where  the  shot  is  to 
be  fired;  no  shot  was  allowed  to  be  tamped  with  coal  dust;  and  the 
powder  used  was  selected  with  special  care,  for  they  found  that  there  were 
certain  kinds  of  powder  which  were  more  likely  to  flame  or  cause  a 
blown-out  shot  than  others,  and,  from  experience,  they  preferred  cubical 
powder  or  solid  cartridges  which  did  not  flame  to  the  same  extent  as 
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common  powder.    Irrespective  of  this,  the  proportions  of  the  constituent! 

of  the  powder  formed  an  important  consideration,  because,  unless  the 
powder  contained  within  itself  the  necessary  elements  to  produce  perfect 
combustion  before  coming  to  the  atmosphere,  flame  was  sure  to  be  the 
result ;  for,  if  carbonic  oxide  was  the  result  of  the  explosion,  it  would 
absorb  oxygen  when  it  came  into  the  atmosphere  and  cause  flame  before 
it  entered  into  the  more  stable  state  of  carbonic  acid  gas. 

Mr.  Newall  said,  he  saw  that  Professor  Marreco  in  his  paper  had 
referred  to  explosions  in  flour  mills  in  America.  In  the  October  number 
of  the  American  journal  of  "  Science  and  Art "  there  was  a  paper  whieh 
contains  a  short  description  of  several  explosions  there.  It  was  exceed- 
ingly interesting,  and  bore  very  strongly  upon  the  subject  of  the  explosion 
of  small  particles  of  carbonaceous  matter. 

The  following  is  a  copy  of  the  paper  referred  to  : — 

Abt.  XXXIV. — On  the  Explosion  of  the  Flouring  Mills  at  Minneapolis, 
Minnesota,  May  2, 1878,  and  the  Causes  of  the  same. — By  S.  F.  Peckham. 

As  I  was  sitting  at  the  tea-table  on  the  evening  of  May  2,  I  was  startled  by  a  noise 
that  sounded  as  if  something  as  heavy  as  a  barrel  of  flour  had  been  tipped  over  on  the 
floor  above.  A  few  seconds  later  the  sound  was  repeated,  and  we  all  ran  to  the  door, 
which  commanded  a  full  view  of  the  falls  and  manufacturing  portion  of  the  city.  An 
immense  volume  of  black  smoke  enveloped  the  spot  where  the  Washburn  A  Mill  had 
stood,  and  a  perpendicular  column  of  smoke  was  projected  into  the  air,  above  the 
elevator,  at  least  four  hundred  feet.  The  Humboldt  and  Diamond  Mills  were  directly 
behind  the  elevator  froiii  the  place  where  I  stood.  A  heavy  wind  was  blowing  from  a 
point  a  little  to  the  east  of  north,  a  direction  from  the  Washburn  A  Mill  toward  the 
elevator  and  the  other  two  mills.  In  less  than  two  minutes  from  the  time  of  the  first 
explosion,  the  elevator,  which  was  108  feet  high,  was  wrapped  in  flames  from  top  to 
bottom.  If  the  structure  had  been  saturated  in  oil  the  flames  could  not  have  spread  much 
more  rapidly.  In  five  minutes  flame  and  smoke  were  pouring  from  every  window  in  the 
Day  and  Rollins,  Zenith  and  Galaxy  Mills,  which  were  between  the  Washburn  A  Mill 
and  the  river,  producing  a  conflagration  which,  from  ordinary  causes,  would  not  have 
gained  such  headway  in  two  hours.  Six  flouring  mills,  the  elevator,  a  machine  shop, 
blacksmiths'  shop,  and  planing  mill,  with  a  number  of  empty  and  loaded  cars,  were  in 
flames  in  five  minutes  from  the  time  fire  was  first  observed  by  any  one  who  survived 
the  disaster. 

From  my  own  point  of  observation,  which  was  about  a  mile  distant,  but  two  dis- 
tinct explosions  were  heard ;  others  nearer  heard  three,  the  first  not  as  violent  as  the 
other  two ;  while  those  nearer  still  heard,  in  addition,  a  sound  which  they  described  as 
a  succession  of  sharp  hisses,  resembling  the  sound  of  burning  gunpowder.  Those 
observers  to  the  windward,  whose  attention  was  arrested  by  the  light  produced,  beyond 
the  distance  of  half-a-mile,  heard  oidy  one  or  two  reports,  or  failed  to  hear  any  report 
at  all.    From  all  the  testimony  in  reference  to  sound  it  appears  that  the  blow  upon  the 
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air  was  not  sufficiently  sudden  to  produce  a  penetrating  sound,  but  rather  a  dull,  heavy 
blow,  which  was  not  communicated  laterally  to  any  great  distance. 

Burning  wheat  or  flour  was  smelled  for  several  minutes  before  the  explosion,  by 
persons  in  such  a  position  that  the  wind  would  carry  the  odour  to  them.  Smoke  was 
also  seen  issuing  from  what  was  known  as  the  exhaust  flour-dust  spout  of  the  Wash- 
burn A  Mill  for  several  minutes  preceding  the  explosion. 

At  the  instant  the  explosion  occurred,  all  observers  agreed  that  the  Washburn  A 
Mill  was  brilliantly  illuminated  from  basement  to  attic.  The  illumination  was  reflected 
from  the  water  at  and  around  the  falls  in  such  a  manner  as  to  remind  one  observer  of 
the  effect  of  a  brilliant  sunset.  Another  compared  it  to  the  reflection  of  sunlight  from 
windows  when  the  sun  is  near  the  horizon.  Still  another,  who  was  crossing  the  lower 
bridge,  had  his  attention  called  to  what  appeared  to  be  a  stream  of  fire,  which,  as  he 
described  it,  issued  from  a  basement  window  and  went  back  again.  Immediately  there- 
after each  floor  above  the  basement  became  brilliantly  illuminated,  the  light  appearing 
simultaneously  at  all  the  windows,  only  an  appreciable  interval  of  time  intervening  as 
the  stories  ignited  one  after  the  other.  Then  the  windows  burst  out,  the  walls  cracked 
between  the  windows  and  fell,  and  the  roof  was  projected  into  the  air,  followed  by  an 
immense  volume  of  smoke  and  flame,  which  ascended  to  an  estimated  height  of  from 
six  to  eight  hundred  feet.  As  the  column  of  smoke  was  expanded  and  borne  off  upon 
the  wind,  brilliant  flashes  resembling  lightning  passed  to  and  fro. 

Two  men,  so  near  the  Humboldt  Mill  that  they  were  nearly  buried  by  the  falling 
rubbish,  and  on  the  opposite  side  from  the  Washburn  A  Mill,  heard  a  loud  report  dis- 
tinctly while  the  walls  of  the  Humboldt  Mill  were  still  standing,  and  at  the  same  time 
were  knocked  down.  Immediately  after  they  saw  flames  issuing  from  the  basement 
windows  of  the  Humboldt  Mill,  and,  at  the  same  instant,  before  they  could  regain  their 
feet,  they  experienced  a  second  shock  and  miraculously  escaped  being  buried  beneath 
the  falling  walls. 

The  enormous  and  sudden  displacement  of  air  which  followed  the  explosion,  and 
the  tremendous  force  which  was  consequently  exerted  laterally,  was  shown  in  the  con- 
dition of  the  round-house  of  the  Chicago,  Milwaukee,  and  St.  Paul  Railroad,  and  the 
broken  windows  in  all  directions.  The  round-house  was  a  wooden  structure  about  forty 
or  fifty  feet  from  the  Diamond  Mill.  The  sills  were  drawn  out  toward  that  mill  until 
the  building  burst,  letting  a  part  of  the  roof  fall  in  and  leaving  the  sides  standing  at 
a  sharp  angle.  Ordinary  windows,  and  those  of  strong  plate-glass  on  Washington 
Avenue,  one-fourth  of  a  mile  distant,  were  projected  into  the  street.  Not  only  the 
glass  but  the  sash  went  out  bodily,  particularly  in  the  lower  stories  of  the  buildings. 
Persons  on  the  river  at  the  water's  edge  noticed  a  displacement  of  the  water,  producing 
a  wave,  estimated  to  be  eighteen  inches  high,  before  they  heard  the  report  of  the 
explosion. 

Whole  sheets  of  the  corrugated  iron  with  which  the  elevator  was  covered,  measuring 
eight  by  two  feet,  but  quite  thin,  were  picked  up  on  the  east  side  of  the  river  more 
than  two  miles  distant,  and  pieces  of  six-inch  flooring  from  two  to  ten  feet  long  were 
carried  to  intermediate  points. 

An  examination  of  the  ruins  of  the  several  buildings  showed  that  the  walls  of  the 
Humboldt  Mill  lay  upon  those  of  the  Diamond  Mill,  and  those  of  the  Diamond  Mill 
upon  those  of  the  west  end  of  the  Washburn  A  Mill,  showing  that  the  buildings  did 
not  explode  simultaneously  but  successively.    The  Washburn  A  Mill  evidently  exploded 
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first  from  fire  originating  within  it,  and  the  high  wind  prevailing  at  the  time  carried 
the  flame  into  the  adjoining  mills  to  the  south,  and  away  from  the  mills  next  the  river. 
There  was  enough  burning  middlings  and  flour  thrown  through  the  broken  windows  of 
the  latter  mills  to  set  them  on  fire,  but  they  did  not  explode.  Sonic  significance  may 
attach  to  the  fact  that  the  three  mills  that  exploded  were  all  running  with  more  or  less 
open  French  middlings  purifiers,  while  the  three  that  did  not  explode  had  been  shut 
down  for  several  days.  There  is  no  question  but  that  the  French  purifiers  project  a 
great  deal  more  dust  into  the  atmosphere  of  the  mills  than  those  that  are  enclosed,  but 
I  have  no  doubt  that  in  any  flouring  mill  sufficient  dust  accumulates  upon  beams  and 
machinery  to  produce  an  explosive  atmosphere,  if  from  any  cause  this  dust  is  scattered 
into  the  air  and  flame  is  communicated  to  the  mixture  while  the  dust  is  suspended. 

There  was  less  than  a  barrel  each  of  lard  oil,  lubricating  oil,  and  high-test  kero- 
sene in  the  Washburn  A  Mill  at  the  time  of  the  explosion. 

There  is  absolutely  no  proof  that  any  explosive  material  other  than  is  produced  in 
the  manufacture  of  flour  from  wheat  was  in  any  one  of  the  buildings  destroyed,  in  the 
cars  around  them,  or  in  the  neighbourhood.  The  testimony  of  millwrights  conclusively 
showed  that  fire  produced  by  heated  bearings  is  of  such  extremely  rare  occurrence  in 
flouring  mills  as  to  practically  exclude  such  a  cause.*  No  suspicion  of  incendiarism 
has  ever  been  expressed. 

A  slight  fire,  the  effects  of  which  were  in  nowise  serious,  occurred  in  the  Washburn 
A  Mill  about  three  months  before  the  explosion.  It  was  discovered  from  the  outside  of 
the  mill  that  smoke  was  issuing  from  a  spout  or  conductor  that  discharged  the  air  that 
was  drawn  through  between  the  stones.  The  object  for  which  the  air  is  drawn  through 
is  to  cool  the  stones  and  to  carry  off  the  vapour  produced  from  the  wheat  by  the  rise  of 
temperature  due  to  friction.  In  this  case  the  effects  of  fire  were  traced  back  from  the 
outside  of  the  building  to  one  of  the  sets  of  stones  on  the  north  side  of  the  mill  used 
for  grinding  middlings.  The  effects  of  flame,  however,  did  not  extend  beyond  the 
blower  which  produced  the  exhaust.  This  led  to  the  conclusion  that  the  fire  did  not 
enter  the  dust-house,  although  the  smoke  must  have  passed  through  it.  It  is  supposed 
that  the  fire  was  caused  by  friction  between  the  stones,  they  having  run  dry  from  one 
of  the  causes  that  may  produce  dry  stones. 

In  answer  to  enquiries  made  of  several  millers  in  the  Minneapolis  Mills,  I  found 
them  uniformly  of  the  opinion  that  the  meal  or  flour  as  it  left  the  stones  had  a  tem- 
perature of  about  100  degrees  Fahrenheit,  or  less.  A  number  of  careful  experiments, 
made  with  an  ordinary  chemical  thermometer,  showed  that  the  wheat  enters  the  stones 
from  the  dryers  at  a  temperature  of  fully  100  degrees  Fahrenheit,  and  that  it  leaves 
the  stones  at  120  to  130  degrees  Fahrenheit;  the  temperature  of  the  ground  middlings 
as  it  left  the  stones  averaged  about  10  degrees  higher. 

It  was  also  the  concurrent  testimony  of  millers  and  mill-owners  that  dry  stones  are 
of  comparatively  frequent  occurrence,  and  that  they  are  practically  unavoidable.  I  am 
convinced  that  in  the  Washburn  A  Mill  the  frequency  of  danger  from  dry  stones  was 
considerably  increased  in  consequence  of  the  large  number  of  stones  in  the  mill,  and 
especially  from  the  fact  that  so  few  men  were  employed  having  the  immediate  oversight 


*  These  gentlemen  concurred  in  the  statement  that  the  spindle  which  carries  the 
stone  had  been  known  to  become  welded  into  the  socket  in  which  it  revolved,  stopping 
the  stone.  When  asked  if  the  friction  produced  a  welding  heat,  one  replied,  "  No, 
nowhere  near  it."     It  must  be  an  example  of  perfect  contact,  producing  cohesion. 
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of  the  stones.  Only  two  men  were  employed  at  the  same  time  for  the  forty-two  run  of 
stone,  a  number  inadequate  for  that  supervision  which  so  important  a  matter  demands, 
as  it  is  impossible,  from  the  large  space  occupied  by  so  many  stones  and  the  noise 
incident  to  their  action,  that  even  with  the  usual  signals  employed,  dry  stones  should 
be  detected  as  soon  as  they  become  a  source  of  danger. 

Obstruction  of  the  feed  from  any  one  of  a  number  of  accidental  causes  will  produce 
dry  stones.  The  danger  arises  from  the  friction  of  the  stones  heating  the  last  portion 
of  the  grist  that  remains  between  the  stones  to  a  temperature  sufficient  to  char  it,  or 
convert  it  into  a  substance  resembling  tinder,  which  would  readily  ignite  from  a  spark 
produced  by  the  stones  striking  together.  Another  source  of  danger  arises  from  nails 
or  gravel  passing  between  the  stones  with  the  grist,  and  increasing  the  friction,  producing 
either  a  rise  of  temperature  or  a  train  of  sparks;  perhaps  both. 

I  am  aware  that  numerous  instances  of  dry  stones  can  be  cited  that  have  proved 
perfectly  harmless.  An  instance  is  on  record  in  which  a  run  of  stone  ground  each  other 
all  night  with  no  other  result  than  the  complete  removal  of  the  grooves  which  gave 
the  stones  a  cutting  face.  On  the  other  hand,  cases  have  occurred  in  which  the  grooves 
became  filled  with  charred  wheat  of  a  dark  brown  colour,  packed  into  them  so  solidly  as 
to  require  a  mill-pick  for  its  removal.  It  requires  no  argument  to  show  that  this  tinder, 
thus  formed,  would  become  ignited  from  a  train  of  sparks  that  would  inevitably  follow 
contact  of  the  stones  as  the  grist  became  compacted  or  completely  removed  from 
between  them.  It  was  found  by  experiment*  that  masses  of  flour  that  had  become 
heated  and  charred,  ignited  readily  and  smouldered,  but  were  inflamed  with  considerable 
difficulty ;  but  it  should  be  borne  in  mind  that  a  number  of  sets  of  stones  are  connected 
with  a  common  spout  or  conductor,  through  which  a  strong  current  of  air  is  being  con- 
tinually drawn,  and  which  is  filled  with  a  dense  cloud  of  very  fine  particles  of  starch 
(chiefly),  heated  to  a  maximum  temperature  of  140  degrees  Fahrenheit.  Experiment 
also  proved  that  the  proper  mixture  of  flour-dust  and  air  would  not  burn  explosively, 
except  when  brought  in  contact  with  flame.  White-hot  wires  and  glowing  charcoal 
only  burned  the  particles  in  contact  with  them ;  but  it  was  found  that  burning  pellets 
of  charred  wheat  and  flour  would  ignite  wood,  which  a  strong  draught  of  air  readily 
fanned  into  a  blaze.  Under  the  conditions  previously  stated,  with  a  draught  of  air 
passing  through  the  dry  stones  strong  enough  to  convey  the  pellets  of  smouldering 
tinder  into  the  common  wooden  conductor,  an  explosion  becomes  possible. 

It  is  urged  that  these  conductors  are  damp  from  condensed  moisture,  and  also  that 
a  large  amount  of  moisture  escapes  from  the  wheat  and  is  conveyed  away  by  the  current 
of  air.  This  loss  is  no  doubt  correctly  estimated  at  from  five  to  six  per  cent.  It  is, 
however,  chiefly  during  the  first  grinding  of  the  raw  wheat  that  this  loss  is  experienced. 
The  middlings  is  dryer,  is  ground  at  a  higher  temperature  and  is  ground  finer,  producing 
more  dust.  The  higher  temperature  renders  the  material  more  inflammable,  and  at  the 
same  time  ensures  a  more  complete  solution  of  the  vapour  in  the  current  of  air.  More- 
over, the  first  fire  in  the  Washburn  A  Mill  was  traced  directly  to  a  set  of  stones  which 
ground  nothing  but  middlings,  and  all  that  is  known  concerning  the  origin  of  the  fire 
that  produced  the  explosion  confirms  the  supposition  that  that  fire  originated  in  a  set 
of  stones  on  the  opposite  side  of  the  mill,  which  was  one  of  six  sets,  all  of  which  were 
used  exclusively  for  grinding  middlings,  discharging  into  a  common  spout  or  conductor, 
which  communicated  directly  with  the  dust-house,  in  which  the  dust  settled  to  the 

*  Experiments  made  by  Professor  L.  W.  Peck  before  the  coroner's  jury. 
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amount  of  several  hundred  pounds  a  (lav.  An  explosion  in  this  conductor,  communi- 
cating (lame  to  the  dust-house,  would  scarcely  fail  to  cause  the  successive  explosions  of 
the  dust-house  and  the  different  storeys  of  the  mill,  the  shock  of  the  first  explosion 
being  sufficient  to  throw  the  dust  of  the  mill  into  the  air. 

The  opinion  expressed  by  one  of  the  witnesses  at  the  inquest,  "that  stones  are 
liable  to  run  dry  at  any  time  by  accident,"  and  that  ''dry  stones  can  hardly  be  avoided 
by  any  amount  of  foresight,"  appears  to  be  generally  entertained  by  millwrights, 
millers,  and  mill  owners.  Let  it  be  granted  that  all  experience  shows  that  99  per  cent, 
of  dry  stones  injures  nothing  but  the  stones  themselves,  the  one  per  cent,  of  residue  is 
burthened  with  fearful  possibilities.  If  dry  stones  cannot  be  prevented  in  small  mills 
where  one  miller  has  charge  of  perhaps  six  run  of  stone,  the  danger  is  more  than 
proportionally  increased  in  a  mill  where  one  man  has  charge  of  twenty  run,  both  with 
reference  to  prevention  and  detection.  The  problem,  therefore,  for  the  consideration 
of  parties  immediately  interested  is,  how  to  prevent  or  detect  dry  stones,  particularly 
those  used  for  grinding  middlings.  This  practical  problem  appears  to  be  fundamental, 
and  one  compared  with  which  all  others  are  without  much  importance.  It  is  true  that 
but  few  millers  are  without  their  experience  of  minor  explosions,  or  flashes  resulting 
from  careless  use  of  lanterns  or  open  lights.  Indeed,  I  have  been  profoundly  impressed 
with  'the  generally  innocent  reputation  of  flouring  mills  when  considered  in  the  light 
of  the  immense  number  of  accidents  well-known  to  millers  and  insurance  companies; 
a  number  surprisingly  large  if  confined  to  those  occurring  in  the  States  of  Minnesota 
and  Wisconsin  within  a  few  years  past.  The  remedy  in  such  cases  is  so  obvious  that 
the  most  ordinary  care  and  intelligence  is  sufficient. 


Mr.  New  all  remarked,  that  the  explosion  appeared  to  have  been  a  very- 
serious  one,  and  the  description  showed  how  complete  was  the  destruction, 
as  some  parts  of  the  mill  were  carried  away  a  distance  of  two  miles. 

The  Chairman  said,  that  the  subject  was  one  of  the  most  vital  im- 
portance, and  he  hoped  that  it  would  be  brought  before  the  Royal 
Commission  that  had  been  appointed  to  examine  into  all  matters  affecting 
the  safety  of  mines,  but  whether  it  would  be  advisable  for  the  Institute  to 
introduce  the  subject  to  their  notice  or  not,  would  be  a  subject  for  dis- 
cussion at  the  next  meeting  of  the  Council.  The  real  and  practical 
question,  as  was  said  by  the  author  of  the  paper,  appeared  to  be,  will  the 
heat  evolved  in  the  consumption  of  the  gases  from  coal  dust  be  sufficient 
to  carry  on  the  explosion,  to  keep  the  fire  burning  in  fact,  and  spread 
it  through  a  length  of  district  in  which  the  coal  dust  and  air  are 
present?  This  seemed  to  be  an  important  element  in  the  question,  because 
upon  it  depended  whether  the  explosion  would  be  a  local  one  or  whether 
it  would  spread  through  the  pits,  which  would,  of  course,  be  very  much 
more  serious.  But  no  doubt  the  experience  which  would  be  afforded  by 
continued  experiments  would  show  how  far  the  first  explosion  was  able  to 
carry  itself  on,  and  so  extend  through  more  remote  distances. 

V 
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Mr.  D.  P.  Morison  said,  they  certainly  found  in  their  experiments  that 
the  heat  evolved  by  a  large  charge  of  powder  carried  the  explosion  very 
much  further. 

The  Chairman  said,  that  in  all  other  respects  he  thought  the  paper 
so  full  that  there  was  little  left  to  discuss  or  question,  and  that  they  ought 
to  pass  a  vote  of  thanks  to  the  authors. 

Mr.  Morison  said,  he  thought  that  Mr.  Logan  would  find  that  Pro- 
fessor Marreco,  in  his  remarks  upon  the  subject,  most  distinctly  stated  that 
the  heat  evolved  by  the  combustion  of  the  first  particles  of  the  dust  ignites 
those  succeeding,  and  that  it  was  gradually  carried  onwards  in  that  way, 
one  set  of  particles  passing  it  onward  to  another,  and  it  seemed  to  be 
entirely  a  question  of  degree  of  initial  heat  as  to  how  far  that  might  be 
propagated. 

The  Chairman — Yes,  that  seems  to  be  the  question. 

Mr.  Bunning  said,  he  did  not  know  whether,  in  the  course  of  these 
experiments,  they  had  by  any  means  found  out  whether  fine  coal  dust  was 
likely  to  pervade  the  whole  of  the  workings  of  a  pit  in  the  same  way  that 
gas  would  do,  or  whether  it  would  not  be  most  likely  confined  to  com- 
paratively small  districts. 

Mr.  G.  Bailes  said,  that  there  was  no  doubt  that  coal  dust  set  in  motion 
in  the  inclines  and  elsewhere,  would  be  carried  onward  by  the  ventilating 
current,  and  would  enter  into  the  whole  atmosphere  of  the  pit.  In  that 
state  they  found  it  did  not  explode  or  they  would  have  explosions  almost 
every  day.  It  seemed  that  the  conditions  for  dust  to  explode  were,  that 
the  dust  should  be  suddenly  propelled  by  a  current  upon  a  flame,  so  that 
it  could  be  ignited,  and  that  the  heat  should  be  instantaneously  trans- 
mitted from  particle  to  particle  so  as  to  make  it  a  continuous  flame ; 
otherwise  that  a  flame  should,  with  very  great  force,  be  projected  through 
an  atmosphere  containing  dust.  He  thought  these  two  conditions  essential 
to  transmit  heat  to  the  particles,  so  as  to  develop  the  gases.  For  instance, 
a  quantity  of  dust  was  continually  passing  from  the  screens  at  bank,  and 
(in  the  case  where  these  screens  are  used  for  the  coals  from  the  Hutton 
seam,  which  were  very  dry  and  which  were  very  rich  in  gas)  coming 
in  contact  with  the  gas  burners  without  producing  any  explosion.  But 
if  this  same  dust  were  precipitated  from  a  height  upon  a  fiery  lamp  with 
a  good  deal  of  flame,  then  the  coal  dust  might  be  expected  to  blaze  up 
and  communicate  the  flame  to  the  dust  above.  He  thought  these  were 
the  only  conditions  under  which  dust  could  be  said  to  be  ignited  and,  in  a 
measure,  to  explode.  He  believed  that  dust  itself  would  not  explode  unless 
acted  upon  by  heat  set  rapidly  in  motion. 
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Mr.  Bunning  asked,  if  there  must  not  also  be  a  certain  proportion  of 
dust  with  the  air  to  render  it  explosive?  because,  in  the  case  of  fire-damp, 
if  there  was  an  excess  of  gas  an  explosive  mixture  was  not  made.  It 
might  possibly  be  the  same  with  coal  dust,  and  that  this  excess  of  dust 
prevented  an  explosion  occurring  in  the  hopper  spoken  of  by  Mr.  Logan. 

Mr.  Robert  Stevenson  said,  his  opinion  about  explosion  from  dust 
was,  that  when  the  shot  was  blown  out,  the  force  of  the  shot  drives  these 
particles  so  closely  together  that  when  they  do  kindle  they  explode.  He 
did  not  himself  think  they  would  explode  unless  there  was  some  force  of 
that  kind  to  commence  with. 

Mr.  Bunning-  asked  Mr.  Stevenson  whether,  in  the  course  of  his 
experience,  he  could  recollect  that  an  explosion  had  ever  taken  place 
from  coal  dust  ignited  by  a  safety-lamp  ? 

Mr.  Eobert  Stevenson  said,  he  had  never  in  his  experience  been  able 
to  trace  any  explosion  to  coal  dust  ignited  by  a  lamp  ;  but  there  had  been 
explosions  which  they  could  not  trace  to  any  other  cause  than  coal  dust. 

Mr.  Bailes  said,  he  had  often  observed  that  in  a  mine  where  dust 
accumulates  it  hangs  about  the  lamp,  and  that  if  the  lamp  were 
shaken  it  fell  through  the  gauze  and  filled  the  lamp  with  flame.  That 
showed  that  the  heat  in  the  lamp,  or  at  least  the  heat  generated  by  the 
dust  coming  in  contact  with  the  flame,  is  suddenly  prolonged  in  the 
gauze,  and  that  all  the  dust  gets  into  a  state  of  ignition.  This  he 
had  repeatedly  observed  in  some  seams,  and  he  should  think  that  it 
was  a  matter  which  could  become  very  dangerous  in  connection  with  the 
use  of  the  safety-lamp  in  the  presence  of  gas.  He  knew  that  in  the  old 
time  it  used  to  be  a  matter  of  very  serious  consideration  to  him  to 
know  what  might  happen  in  case  any  of  the  workmen  might  shake  the 
dust  so  as  to  fill  the  lamp  with  [flame  when  it  indicated  the  presence  of 
fire-damp. 

The  Chairman  said,  he  supposed  that  the  cap  which  Mr.  Stevenson 
spoke  of  would  not  be  the  usual  blue  cap,  it  would  be  more  of  a  brownish 
colour. 

Mr.  Robert  Stevenson — No ;  it  was  the  usual  colour,  and  scintillated, 
whilst-small  explosions  were  taking  place  inside  the  lamp  at  the  same  time. 

Mr.  W.  J.  Bird  stated,  that  some  time  ago,  when  watching  the  action 
of  Rigg  and  Meiklejon's  coal-cutting  machine  in  the  main  coal  seam  at 
Elemore  Colliery,  he  observed  that  there  was  a  great  quantity  of  fine  coal 
dust  going  through  the  workings,  which,  when  passing  by  the  safety- 
lamps,  caused  the  flame  therein  to  scintillate  considerably,  but  he  did  not 
observe  that  it  produced  any  cap  in  the  flame. 
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Mr.  D.  P.  Morison  thought  that  it  would  he  as  well  if  members  would 
kindly  communicate  the  results  of  any  experience  they  had  had  on  this 
subject,  either  to  the  Secretary  or  to  the  authors  of  the  paper,  and  that 
such  communications  should  be  embodied  in  the  Transactions. 

The  Chairman  said,  that  he  thought  Mr.  Morison's  suggestion  a  very 
valuable  one,  and  that  another  paper  on  the  subject,  containing  the  varied 
experience  of  the  different  members,  would  prove  a  useful  addition  to 
their  Transactions.  They  would  now  adjourn  the  discussion,  and  perhaps 
Professor  Marreco  and  Mr.  Morison  would  let  them  have,  on  another 
occasion,  the  results  of  some  further  experiments. 


The  following  "  Further  Remarks  on  the  Detection  and  Measure- 
ment of  Small  Quantities  of  Inflammable  Gas,"  by  Mr.  E.  H.  Liveing-, 
A.R.S.M.,  were  then  read  : — 


DETECTION  AND  MEASUREMENT  OF  INFLAMMABLE  GAS.  167 


FURTHER  REMARKS  ON  THE  DETECTION  AND  MEASURE- 
MENT OF  SMALL  QUANTITIES  OF  INFLAMMABLE  GAS. 


By  E.  H.  LIVEING,  A.R.S.M. 


Since  describing  in  August  last  a  new  method  of  detecting  very  small 
quantities  of  inflammable  gas  and  of  estimating  the  proportion  present, 
the  writer  has  considerably  modified  the  arrangement  of  the  instrument 
then  described,  having  found  that  far  better  results  are  obtained  by  the 
use  of  a  different  form  of  photometer. 

The  instrument  is  now  in  a  much  more  practical  form,  and  is  capable 
of  detecting  and  measuring  gas  without  difficulty  even  when  only  one- 
fourth  of  a  per  cent,  is  present.  It  is  represented  in  section  in  Plate 
XXXIV.,  and  consists  of  a  brass  tube  about  eight  inches  long  by  one- 
and-three-fourth  inches  diameter,  closed  at  the  ends  by  discs  of  hard  wood. 
Through  these  pass  the  insulated  connection  wires  carrying  the  fine 
platinum  spirals  A  and  B,  supported  in  the  manner  shown  at  H.  The 
one  (A)  covered  with  a  glass  tube,  the  other  exposed  to  the  air  within 
the  instrument  as  before  described.  Between  these  spirals  is  supported 
a  small  wedge-shape  screen  C  by  means  of  an  arm  E.  The  two  surfaces 
of  this  screen  are  covered  with  white  paper,  and  are  viewed  through  the 
small  glass  disc  G  in  the  side  tube  F,  to  which  the  arm  and  screen  are 
attached. 

One  face  of  this  little  screen  is  illuminated  by  the  covered  wire  A,  the 
other  by  the  working  wire  B ;  the  wires  themselves  never  being  seen 
whilst  the  instrument  is  in  use. 

On  turning  the  magneto-electrical  machine  the  two  surfaces  of  this 
screen  appear  equally  illuminated;  but  if  gas  is  present,  that  surface  of 
the  screen  which  is  opposed  to  the  working  wire  B  appears  brighter  than 
the  other. 

Thus  a  particular  pair  of  platinum  spirals  which  were  equal  in  illu- 
minating power  when  no  gas  was  present,  when   the  instrument  was 
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filled  with  air  containing  ^  per  cent,  of  gas,  had  a  relative  illuminating 
power  of 

With  i  per  cent 

1  do 

2  do 

3  do 

4  do 

In  order  to  measure  this  inequality  of  brightness  it  is  necessary  to 
slide  the  screen  towards  the  covered  wire  until  the  two  surfaces  again 
appear  equally  illuminated,  and  the  amount  of  this  movement  becomes  a 
means  of  measuring  the  quantity  present,  an  empyrical  scale  of  percentages 
being  graduated  on  the  body  of  the  instrument  at  M,  and  read  by  means 
of  a  small  index  attached  to  the  outer  tube  K.  Into  this  tube  is  screwed  the 
side  tube  F,  together  with  the  arm  and  screen,  a  slot  in  the  body  of  the  in- 
strument admitting  of  their  travelling  towards  the  covered  wire,  the  slot 
itself  being  covered  in  all  positions  by  the  outer  tube  K. 

Two  Hennnings'  jets  (P  P)  admit  of  the  air  being  drawn  into  the 
instrument  for  examination  in  the  manner  formerly  described. 

When  moderately  large  quantities  of  gas,  sucb  as  2  or  3  per  cent.,  are 
present,  the  difference  in  colour  of  the  light  emitted  by  the  two  wires 
becomes  so  striking  as  to  cause  some  difficulty  in  judging  of  the  exact 
position  of  equal  illumination  of  the  screen,  when  measuring  the  quantity 
of  gas  present,  a  difficulty  of  course  felt  more  or  less  with  all  photometers 
in  examining  lights  of  different  tint.  This  difficulty  is  avoided  in  the 
following  manner: — One-half,  Y,  Fig.  4,  (which  shows  an  enlarged  view  of 
the  screen  C)  of  that  side  of  the  screen  which  is  exposed  to  the  working 
wire  B  is  covered  with  yellowish  red  paper,  the  other  half,  X,  being  left 
white.  For  quantities  up  to  1  per  cent,  the  white  surface  X  is  compared 
with  the  white  surface  Z  opposite  the  covered  wire  A,  and  in  quantities 
greater  than  one  per  cent.,  the  yellow  surface  Y  is  employed,  as  its  tint, 
neutralises  the  very  white  light  emitted  by  the  working  wire,  and  renders 
the  comparison  easy. 

The  instrument  is  so  constructed  that  the  platinum  wires  can  easily 
be  replaced  in  case  of  accidental  melting  or  other  damage,  by  having 
duplicate  wooden  plugs  L  with  the  standard  wires  ready  attached  and  tested 
by  the  instrument  maker,  and  all  that  is  required  is  to  unscrew  the  plate 
M  and  remove  the  old  plug  and  replace  it  by  a  new  one;  then  after 
making  the  proper  connections  with  the  conducting  wires,  and  replacing 
the  plate  M,  the  instrument  is  again  ready  for  use.  Not  that  there  is 
any  excuse  for  melting  the  wires,  as  with  ordinary  care  there  is  not  the 
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smallest  danger;  the  writer  has  a  pair  which  have  been  in  cue  some 
months,  during  which  time  they  were  subjected  to  a  great  number  of 
experiments,  and  are  still  quite  uninjured. 

The  writer  would  suggest  that  the  instrument   i*  more  especially 

adapted  for  the  examination  of  the  various  returns  from  the  districts  of  a 
colliery,  for  it  will  show  whether  the  total  amount  of  air  allowed  to  any 
particular  part  of  a  mine  is  ample  for  the  gas  there  evolved,  and  enable 
the  air  to  be  regulated  in  the  various  splits  in  the  most  economical  manner. 
Again,  if  a  regular  account  of  the  percentages  found  in  the  various  re- 
turns be  kept,  together  with  the  quantities  of  air  passing,  barometric 
pressure,  &c.,  it  will  soon  become  evident  within  what  limits  the  propor- 
tion of  gas  usually  varies;  and  if  subsequently  at  any  time  a  sudden 
abnormal  increase  in  any  particular  district  were  to  occur,  even  though 
still  far  below  the  explosive  point,  it  would  be  desirable  to  follow  the  return 
up  until  the  source  was  ascertained,  and  then,  if  necessary,  take  suitable 
precautions. 

It  has  appeared  to  the  writer  undesirable  to  lengthen  these  brief 
remarks  by  entering  into  a  full  account  of  a  long  series  of  experiments 
made  to  determine  the  most  favourable  arrangement  of  the  platinum 
wires,  as  to  their  size  and  the  proportion  of  the  spiral  in  which  they 
shoidd  be  formed  to  give  the  maximum  effect,  or  of  those  again  which 
have  been  made  on  many  hundreds  of  mixtures  of  pit  gas,  pure  CH4, 
hydrogen,  and  coal  gas  with  air,  to  ascertain  the  difference  of  brilliancy 
observable  with  the  selected  arrangement  of  wires  when  exposed  to  air 
containing  various  proportions  of  the  above  gases ;  suffice  it  to  say  that 
the  success  of  the  instrument  to  a  great  extent  depends  on  the  proper 
arrangement  and  careful  adjustment  of  the  platinum  spirals,  and  that 
the  scale  obtained  with  various  samples  of  pit  gas  (collected  over  water 
from  blowers)  closely  resembles  that  obtained  with  pure  CH4,  the  pit  gas 
having  as  a  rule  a  slightly  feebler  action,  probably  from  dilution  with  a 
small  proportion  of  nitrogen  or  carbonic  acid. 

Carbonic  acid  appears  to  have  no  action  on  the  instrument  except  to 
the  extent  to  which  it  diminishes  the  heating  power  or  combustibility  of 
the  gaseous  mixture.  Thus  a  mixture  of  2  per  cent.  CH4  and  2  per  cent, 
C02  in  air  when  examined  in  the  instrument  gave  very  nearly  the  same 
position  on  the  scale  as  2  per  cent,  of  CH4  alone. 

In  this  respect,  therefore,  as  well  as  in  its  extreme  sensitiveness,  this 
instrument  possesses  great  advantages  over  any  of  a  portable  kind 
hitherto  contrived ;  for,  on  examining  the  above  mixture  with  Mr.  Anselfs 
aneroid  indicator  (Vol.  XV.,  page  165)  it  would  have  been  recorded  as 
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about  1  per  cent,  of  C02,  that  gas  more  than  counteracting  the  action  of 
the  CH4  in  the  mixture.  On  the  other  hand,  with  his  balloon  instrument 
the  mixture  would  have  had  a  similar  effect  to  about  4  per  cent,  of  CH4, 
since  both  gases  acted  in  the  same  manner  upon  it.  So  also  with 
Professor  Forbes'  instrument  (described  in  a  paper  before  the  meeting  of 
the  British  Association  at  Dublin,  1878);  it  would  have  been  recorded  as 
free  from  gas,  since  C02  almost  exactly  neutralises  the  effect  of  CH4  on  that 
instrument. 

The  instrument  now  described  gives  at  once  the  heating  power  or 
approach  to  combustibility  of  the  gaseous  mixture  examined,  showing  to 
what  extent  the  percentage  of  CH4  present  must  rise  before  the  mixture 
will  become  capable  of  supporting  or  continuing  its  own  combustion  ;  in 
other  words,  will  become  explosive. 
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GENERAL  MEETING,  SATURDAY,   MARCH  1st,  1879,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


WILLIAM  COCHRANE,  Esq.,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  general  meeting,  and 
reported  the  proceedings  of  the  Council. 


The  following  gentlemen  were  then  elected  : — 


Associates- 


Mr.  John  Elyott  Doyle,  B.A.,  Lecturer  in  Natural  Science,  St.  Peter's 

Terrace,  Birmingham. 
Mr.  Patrick  Doyle,  C.E.,  F.G.S.,  Superintendent  of  Public  Works, 

Surveys,  and  Mines,  Perak,  via  Penang,  Straits  Settlements. 

Student — 
Mr.  James  Kenneth  Guthrie,  Ryton-on-Tyne. 

The  following  was  nominated  for  election  at  the  next  meeting  : — 

Student — 

Mr.  Kenneth  Mackae  Davis,  Towneley  and  Stella  Collieries,  Ryton- 
on-Tyne. 

The  following  papers  were  then  read  : — 

"  On  the  Supply  of  Pure  Water  and  Motive  Power  to  Centres  of 
Population,"  by  Mr.  David  Burns. 

"  On  Schmitt's  Revolving  Spiral  Screen,"  by  Mr.  D.  P.  Morison. 
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ON  THE  SUPPLY  OF  PUKE  WATER  AND  MOTIVE  POWER 
TO  CENTRES  OF  POPULATION. 


By  DAVID  BUKNS. 


This  is  a  subject  which  commands  the  attention  and  affects  the  interests 
of  all  classes ;  and  it  is  the  purpose  of  the  writer  in  the  present  paper  to 
bring  before  the  Institute,  in  outline,  a  scheme  whereby  the  supply  of 
water  could  be  greatly  improved,  and  the  consumption  of  coal,  with  its 
concomitant  evils,  as  smoke,  explosions,  and  fires,  be  considerably  lessened 
in  many  large  towns. 

For  instance,  there  issues,  near  the  crest  of  Cross  Fell,  a  spring  called 
the  Gentleman's  Well,  which  yields  on  an  average  all  the  year  round  over 
50  gallons  a  minute  of  the  most  excellent  water.  It  issues  at  an  elevation 
of  about  2,750  feet  above  the  sea  level ;  and  if  its  water  was  conducted 
into  a  pipe  so  large  as  to  lose  no  perceptible  head  from  fluid  friction,  and 
carried  down  to  Newcastle,  it  would  supply  2,400  people  with  30  gallons 
a  day  each,  and  give  out  a  motive  power  of  39*4  horses  at  an  elevation 
of  1 50  feet  above  the  level  of  the  sea. 

It  will  be  seen  from  this  simple  illustration  what  an  immense  store  of 
motive  power  is  allowed  to  run  waste,  and  it  requires  no  argument  to 
show  that  to  lead  the  Gentleman's  Well  down  to  Newcastle  in  a  pipe,  and 
so  supply  it  in  its  original  purity,  is  more  philosophical  than  to  allow  it  to 
spend  its  energy  running  down  the  valley  of  the  Tyne,  picking  up  sewage 
here  and  dilute  manure  there,  and  then  to  pump  it  up  at  great  expense  to 
supply  the  inhabitants  of  Newcastle  with  but  indifferent  chinking  water. 

The  evil  of  taking  water  from  rivers  for  household  purposes  is  not 
likely  to  decrease  in  the  future,  whatever  legislation  may  do  to  prevent 
their  pollution :  for  the  increase  of  population,  and  the  greater  intensity 
to  which  high  farming  will  be  carried  on  the  low  lands,  and  the  greater 
height  to  which  it  will  be  pushed  on  the  moorlands,  will  send  an  ever- 
increasing  supply  of  soluble  nitrogenous  matter  inco  them  which  it  wiU 
be  extremely  difficult,  if  not  impossible,  to  arrest. 
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The  scheme  the  writer  submits  is,  to  collect  all  the  available  springs 
within  the  watershed  under  consideration  at  their  outflow,  so  as  to  keep 
them  pure  and  to  make  available  the  potential  energy  of  their  waters  due 
to  their  respective  heights,  which  energy  might  easily  be  supplemented 
by  using  windmills  at  convenient  points  and  water  wheels  on  the  various 
streams. 

Take  a  drainage  area  or  valley  with  a  river  running  down  it,  sundry 
tributaries  running  down  on  the  right  and  left  into  the  river,  and  springs  of 
good  water  coming  out  at  various  elevations  on  the  hill  sides,  with  a  town 
low  down  in  the  valley  requiring  pure  water  and  power  to  drive  its 
varied  machinery,  as  a  description  of  the  locality  of  many  large  towns. 
At  some  convenient  place  well  up  the  valley,  and  the  higher  the  better, 
the  writer  would  place  a  reservoir,  which,  for  distinction,  may  be  called 
the  pressure  reservoir.  This  should  be  connected  with  the  town  to  be 
supplied  by  a  large  and  strong  pipe,  which  may  be  called  the  pressure 
main. 

At  each  spring  which  it  had  been  determined  to  make  available,  a 
reservoir  should  be  formed,  which  may  be  called  a  spring  reservoir.  As 
springs  often  occur  in  clusters,  one  reservoir  might  serve  for  several,  but 
each  spring  should  be  carefully  led  into  it  by  means  of  a  closed  pipe. 
Each  spring  reservoir  should  be  connected  with  the  pressure  main  by 
means  of  a  pressure  pipe.  In  those  cases  in  which  the  spring  reservoir 
was  as  high  as  the  pressure  reservoir,  the  water  would  evidently  flow  from 
it  of  its  own  accord  into  the  pressure  main.  "When,  however,  the  spring 
reservoir  was  the  lower,  the  water  would  require  to  be  forced  into  the 
pressure  main.  In  such  cases  a  force  pump  should  be  placed  at  the  most 
convenient  point  for  getting  power  on  the  line  of  the  pressure  pipe  lead- 
ing from  the  spring  reservoir  to  the  pressure  main.  If  near  a  stream  the 
pump  might  be  driven  by  means  of  a  water  wheel  or  turbine  turned  by 
the  water  of  the  stream. 

In  those  situations  where  water  power  could  not  be  had,  windmills 
should  be  erected  of  sufficient  average  power  to  do  the  work  required. 
By  such  an  arrangement  any  spring  in  the  valley  could  be  made  available, 
and  even  feeders  of  water  from  the  workings  of  a  mine  might  become  a 
source  of  water  supply. 

By  the  present  system  all  sources  below  the  level  of  the  head  reservoir 
are  lost. 

On  reaching  the  towm  to  be  supplied,  branches  from  the  pressure  main 
should  be  conducted  through  those  thoroughfares  in  which  are  situated 
works  requiring  mechanical  power.     At  each  of  those  works  should  be  a 
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hydraulic  engine  communicating-  with  the  pressure  pipe  of  the  street  in 
which  it  is  situated.  The  water  having  passed  through  the  hydraulic 
engine  should  be  made  to  deliver  its  water  into  another  system  of  pipes, 
namely,  the  service  pipes  of  the  town.  These  would  minify  as  such  pipes 
usually  do,  and  would  communicate  with  a  service  reservoir  placed  in 
some  convenient  position  near  the  town,  and  at  the  lowest  elevation  con- 
sistent with  giving  a  pressure  sufficient  to  make  the  water  circulate  in  the 
service  pipes  to  the  highest  part  of  the  town  to  be  supplied. 

PRESSURE  RESERVOIR. 

The  best  position  for  the  pressure  reservoir  would  depend  much  on 
circumstances.  If  the  town  required  much  motive  power  and  little  water 
in  comparison,  and  the  hills  along  the  valley  admitted  of  it,  it  should  be 
placed  at  a  considerable  elevation.  If,  however,  little  power  was  required 
and  much  water,  the  pressure  reservoir  shoidd  be  placed  lower  so  as  to 
command  a  greater  quantity  of  water  by  gravitation.  Its  size  would 
depend  on  many  considerations,  but  mainly  on  the  relation  between  the 
supply  of  spring  water  and  the  requirements  of  the  town.  If  the  supply 
of  spring  water  was  ample,  the  reservoir  would  only  require  to  act  as  a 
regulator  between  the  supply  from  the  springs  and  the  demand  from  the 
town ;  but  when  the  spring  supply  was  deficient  it  would  require  to  catch 
and  retain  sufficient  surface  water  to  make  good  the  deficiency. 

The  supply  from  the  springs  would  be  capable  of  regulation  to  a  certain 
extent,  and  should  be  made  as  far  as  possible  to  supply  water  at  the  rate 
at  which  it  was  consumed  in  the  town.  Most  of  the  consumption  would 
take  place  during  the  working  hours  of  the  day,  say  from  six  a.m.  to  six 
p.m.  Those  springs  above  the  level  of  the  pressure  reservoir  could  be 
easily  turned  on  by  an  attendant  during  those  hours,  and  turned  off 
during  the  night.  This  arrangement  would,  however,  not  admit  those 
springs  supplied  by  the  agency  of  natural  forces,  as  wind  and  water  power, 
without  great  loss.  In  periods  of  calm  the  windmills  would  be  idle,  and  in 
extremes  of  drought  and  frost  the  water  wheels  would  fall  short  in  their 
duty.  At  such  times  the  town  would  have  to  draw  on  the  pressure  reservoir 
and  those  springs  above  its  level. 

SPRING  RESERVOIRS. 

No  water  can  be  considered  pure  which  is  for  any  length  of  time  kept 
stagnant  in  a  reservoir  and  exposed  to  the  impurities  of  the  air,  the  action 
of  the  sun,  and  all  other  incidental  sources  of  corruption.  All  the  spring 
reservoirs  should  therefore  be  covered.     This  would  be  most  effectually 


176  ON  THE  SUPPLY  OF  PURE  WATER  AND 

done  by  driving  galleries  into  the  hill  as  near  as  possible  on  the  line  of  the 
springs ;  by  this  means  the  spring  would  debouch  into  the  gallery  without 
the  use  of  a  pipe,  and,  in  most  cases,  by  driving  on  it  for  some  distance,  its 
flow  would  be  much  increased.  When  the  gallery  had  been  driven  far 
enough  to  give  the  required  capacity,  the  pressure  pipe  would  be  led  into 
it,  and  its  mouth  built  up,  leaving  a  small  hole  for  ventilation  near  the  top. 
Such  a  reservoir  would  keep  the  water  cool  and  pure,  and  it  would  be 
forced  into  the  pressure  main  without  coming  to  the  day  or  receiving  any 
impurities  whatever.  It  will  be  noticed  that  the  spring  reservoirs  would 
act  as  valuable  auxiliaries  to  the  pressure  reservoir,  especially  those  at  or 
above  its  level ;  the  others  would  do  so  in  a  limited  degree,  depending  on 
the  power  which  drove  the  force  pumps. 

To  carry  out  this  scheme  in  its  entirety,  the  pressure  reservoir  should 
be  a  gallery  like  the  spring  reservoirs.  Doubtless  a  gallery  could  be  driven 
of  any  capacity,  but  one  to  hold  water  to  supply  a  large  town  for  several 
days  would  be  very  expensive.  It  might  be  well,  therefore,  to  have  a 
gallery  of  a  moderate  capacity  to  cover  the  ordinary  daily  fluctuations  of 
demand  and  supply.  At  a  little  lower  level,  and  communicating  with  the 
pressure  main  by  a  valve  opening  inwards,  an  open  reservoir  of  the  required 
dimensions  could  be  formed  to  supplement  the  other  supplies  when 
necessary.  By  this  arrangement  the  water  of  the  open  reservoir  would  only 
be  drawn  on  at  intervals  and  to  a  small  extent.  Thus,  by  proper  engineer- 
ing, water  power  could  be  had  all  the  year  round,  and  by  placing  the 
windmills  in  exposed  situations  they  would  never  be  long  entirely  idle. 

It  must  be  borne  in  mind  in  judging  of  a  scheme  like  this  that  the 
storage  required  would  be  a  mere  fraction  of  that  which  is  indispensable  in 
the  present  system  of  catching  the  surface  water  of  a  district.  At 
present  but  comparatively  few  springs  can  be  made  available,  and  a  large 
proportion  of  the  water  is  derived  direct  from  the  rainfall.  From  this 
cause  storage  has  to  be  provided  to  meet  the  demands  of  the  town  and 
evaporation  throughout  several  weeks  of  drought ;  but  as  all  springs  are 
more  or  less  approximately  constant,  and  many  almost  perfectly  so  even  in 
prolonged  periods  of  drought,  all  the  storage  required  by  this  scheme  is 
such  as  would  meet  the  variation  in  the  demand  caused  by  any  variation 
in  pumping  power.  If  these  were  either  both  constant  or  both  varied  alike 
little  storage  would  be  required. 

PRESSURE  PIPES. 

The  size  of  each  of  these  pipes  would  depend  on  the  quantity  of  water 
flowing  from  the  spring  in  question.     Their  strength  above  the  force  pump 
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should  be  proportional  to  the  depth  below  the  spring  reservoir,  below  the 
pump  it  should  be  proportional  to  the  depth  below  the  pressure  reservoir. 
The  line  of  these  pipes  need  not  be  direct  from  the  spring  bo  the  pressure 
main,  but  should  be  made  to  traverse  that  point  where  the  power  nc^ssary 
to  pump  the  water  could  be  most  cheaply  and  effectively  obtained. 

POWER. 

The  power  necessary  to  drive  any  particular  pump  would  be  ascertained 
by  multiplying  the  difference  of  elevation  of  the  spring  and  pressure 
reservoirs  by  the  weight  of  water  yielded  by  the  spring,  and  then  again 
by  a  co-efficient  for  friction  depending  on  the  rate  of  flow  of  water  in  the 
pipe,  its  length  and  section  and  the  number  of  bends  The  engine  should 
be  designed  to  be  self-regulating  as  far  as  possible,  and  be  driven  by  the 
most  constant  power  available.  In  many  cases  it  might  be  most  advan- 
tageous to  make  the  pressure  main  follow  approximately  the  course  of  the 
river,  and  to  drive  the  pumps  by  means  of  its  water  weired  up  at  intervals. 

PRESSURE  MAIN. 

As  the  loss  of  head  in  transmitting  water  through  a  pipe  varies  as  the 
square  of  the  velocity,  it  is  evident  that  to  have  the  pressure  main  large 
would  be  greatly  to  increase  the  power  to  be  exerted  in  the  town.  The 
particular  size  selected  would  depend  on  the  amount  of  power  required 
and  on  considerations  of  first  cost. 

AVAILABLE  POWER. 

This  would  be  the  product  of  the  weight  of  water  flowing  through  the 
pressure  main  into  the  difference  of  head  of  the  pressure  and  service 
reservoirs,  less  a  deduction  for  friction  and  such  like. 

SERVICE  RESERVOIR. 

This  need  not  be  large  and  should  be  covered  in.  Under  ordinary 
circumstances  it  need  not  hold  more  than  a  day's  supply.  It  should  be 
situated  at  as  low  a  level  as  is  consistent  with  a  proper  circulation  through 
the  service  pipes  so  as  to  afford  the  greatest  difference  of  head  possible 
between  the  pressure  and  the  service  reservoirs. 

It  is  no  part  of  the  writer's  intention  to  bring  forward  a  definite  scheme 
for  any  particular  district;  still  a  few  figures,  by  way  of  illustration,  may  be 
useful.  For  instance,  if  it  is  required  to  supply  water  to  a  locality  requiring 
7,000,000  gallons  a  day,  a  figure  mentioned  by  Mr.  Newall,  in  his  paper 
read  before  this  Institute  on  3rd  October,  1874,*  as  the  quantity  required 
for  Newcastle  and  district.     This  quantity  would  be  supplied  by  162 

*  Volume  XXIV.,  page  50. 
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springs,  yielding  on  an  average  30  gallons  a  minute.  Now  such  springs, 
when  a  wide  district  is  traversed,  are  not  by  any  means  rare,  and  many 
springs  yield  three  and  four  times  as  much. 

Having  selected  a  suitable  position  well  up  on  the  hills  where  many 
springs  come  out,  and  where  there  is  a  good  site  for  the  supplementary 
open  reservoir,  let  a  gallery  8  feet  high,  6  feet  wide,  and  200  fathoms 
long  be  driven.  If  this  be  driven  along  the  strike  of  a  water  bearing 
stratum,  or  in  the  direction  of  the  rise  or  dip  of  alternating  beds,  much 
more  water  is  sure  to  be  arrested  than  originally  appeared  in  the  springs. 
The  gallery  just  described  would  have  a  capacity  of  359,424  gallons.  If 
40  additional  springs  can  be  found  at  as  high  an  elevation  as  the  pressure 
reservoir,  with  an  average  yield  of  30  gallons  a  minute,  by  driving  a  gallery 
6  feet  by  4  feet  100  yards  on  each  of  them,  an  additional  storage  of 
1,797,120  gallons  would  be  obtained,  and  their  yield  would  probably  be 
doubled,  so  that  the  half  of  the  water  required  would  be  obtained  and 
storage  of  2,156,544  gallons  provided  independent  of  pumping. 

Other  springs,  equivalent  to  80  of  30  gallons  each,  would  remain  to  be 
pumped.  Probably  20  springs  could  be  got  which,  if  driven  on  a 
hundred  yards,  would  provide  the  desired  quantity  of  water  ;  but  suppose 
30  galleries  have  to  be  driven  of  like  capacity  to  the  others,  namely,  100 
yards  by  6  feet  by  4  feet,  this  would  provide  1,347,840  gallons  more 
storage,  or  a  total  of  3,504,384  gallous.  This  is  certainly  not  great 
storage,  but  it  is  equal  to  fully  half-a-day's  consumption,  and  would  be 
equal  to  meet  the  fluctuations  in  the  demand.  The  deficiencies  in  the 
pumping,  if  any,  would  require  to  be  met  by  further  galleries  or  by  drawing 
on  the  open  reservoir. 

Let  the  effective  head,  that  is  the  difference  of  level  of  the  pressure  and 
service  reservoirs,  less  the  loss  of  head  due  to  friction  and  such  like,  be 
500  feet.    The  energy  would  be  thus  calculated  : — 

7,000,000  x  10  x  500  =  35,000,000,000  foot  lbs. 

35,000,000,000  _0fl  _  , 

— —  =  736*5  horse  power. 

33,000  X  60  x  24  * 

Take  the  efficiency  of  the  engines  at  *7,  and  the  horse  power  which 
can  be  actually  applied  to  useful  purposes  is  515*5,  working  day  and  night, 
and  all  the  year  round. 

By  going  up  to  Alston  Moor  or  the  Allendales  for  the  pressure 
reservoir,  there  would  be  no  engineering  difficulty  in  getting  twice  this 
power  from  the  7,000,000  gallons  of  water  a  day.  Such  power  could  not 
fail  to  be  a  great  boon  to  a  community,  and  a  source  of  considerable  revenue 
to  a  corporation. 
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When  the  foregoing  was  put  in  form  sonic  months  since,  electricity 
as  a  means  of  transmitting  force,  and  as  a  source  of  light  had  not  attained 
the  prominence  it  now  enjoys.  In  view  of  the  late  achievements  of  science, 
and  of  the  present  demand  for  a  better  light,  the  scheme  might  be  so  far 
modified,  and  the  water  be  made  to  drive  a  series  of  dynamo-electric 
machines,  and  the  electricity  could  be  conducted  through  the  town  to 
drive  sewing  machines,  lathes,  printing  presses,  and  all  such  light  ma- 
chinery. 

If  electric  lighting  should  become  a  permanent  institution  amongst  us, 
a  large  proportion  of  the  power  might  be  used  to  light  the  principal 
thoroughfares,  squares,  halls,  and  workshops  of  the  town. 

Dr.  C.  W.  Siemens,  in  his  lecture  delivered  in  the  City  Hall,  Glasgow, 
on  14th  March,  1878,  states  that  one  of  his  dynamo-machines,  requiring 
3*3  horse  power,  will  produce  a  light  equivalent  to  4,138  candles.  The 
light,  therefore,  which  could  be  realised  out  of  the  force  just  given  as 
available  would  be  64G,40G  candles.  As  the  power  is  calculated  on  the 
understanding  that  the  engines  work  continuously  day  and  night,  the 
above  light  could  be  supplied  during  the  hours  it  was  wanted,  and  the 
engine  power  of  515*5  horses  would  be  available  for  the  other  purposes 
enumerated  during  the  remainder  of  the  24  hours. 

In  submitting  a  scheme  so  radically  different  from  those  in  use  in 
supplying  large  towns,  and  which  would  be  undoubtedly  expensive,  the 
writer  would  submit  the  following  advantages  which  it  possesses,  and 
which  he  ventures  to  assert  should  not  be  lightly  laid  aside. 

1. — The  ground  occupied  by  the  present  system  of  large  reservoirs 

would  be  nearly  entirely  saved. 
2. — The  expense  of  making  reservoirs  and  long  water  races  would  be 
largely  avoided.      This  saving  would  go  a  long  way  towards 
making  the  underground  reservoirs. 
3. — The  water  available  would  not  be  left  to  evaporate  in  open 

reservoirs. 
4. — The  water  would  not  be  contaminated  with  peaty  and  soluble 
nitrogenous  matter,  nor  exposed  to  the  heat  of  the  sun;  indeed, 
pure  spring  water  alone  would  be  supplied  to  the  town,  and  all 
filtration  would  be  avoided. 
5. — All  pumping  by  steam  would  be  avoided. 

6. — By  covering  the  service  reservoirs  the  water  might  be  effectively 
protected  from  the  extremes  of  temperature.  Cool  spring 
water  might  be  supplied  in  summer,  and  all  disappointment  and 
hardship  avoided  in  protracted  frosts. 
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7. — A  large  amount  of  power  could  be  obtained  sufficient  in  many  cases 
to  light  the  whole  town  during  the  hours  of  darkness,  and  do 
the  work  of  many  srnall  steam  engines  during  working  hours. 


The  Chairman,  in  opening  the  discussion,  stated  that  the  paper 
contained  matter  deserving  of  much  serious  consideration,  and  that  it  was 
brought  before  them  at  a  very  opportune  time  after  the  difficulties  in 
obtaining  water  that  had  been  experienced  lately  in  Newcastle.  He 
thought  the  writer  was  too  sanguine  in  his  estimate  of  the  amount  of 
water  to  be  obtained  in  the  way  proposed,  and  that  the  water  when 
obtained,  no  matter  how  pure  in  its  original  state,  would  not  be  much 
better  than  that  at  present  supplied  to  Newcastle  after  it  had  passed 
through  the  machinery  he  proposed  it  should  drive.  He  also  considered 
the  use  of  wind  and  water  mills  objectionable,  as  steam  would  be  found 
cheaper  in  the  end. 

Mr.  J.  A.  G.  Ross  stated  that  he  considered  the  proposition,  if  not  abso- 
lutely impracticable,  would  be  very  much  more  expensive  than  the  direct 
application  of  steam  power.  The  great  drawback  in  the  use  of  water 
as  a  motive  power  was  the  loss  sustained  from  its  inertia ;  and  as  this 
loss  was  the  same  at  all  pressures,  it  followed  that  the  higher  pressure 
used  the  more  economical  was  the  result.  The  distribution  of  power  by 
means  of  hydraulic  pressure  has  been  successful  in  Hull,  where  a  pressure 
of  from  700  to  1,000  lbs.  per  inch  was  available,  as  well  as  in  most  of 
the  docks  and  railway  stations  of  the  country ;  but  even  granting  the 
utility  of  employing  water  pressure  of  a  small  head,  he  thought  the  mode 
proposed  by  Mr.  Burn  would  be  cumbersome  and  costly,  and  would  neces- 
sitate a  most  unwieldy  and  complicated  mass  of  piping  to  carry  it  out. 

Mr.  W.  H.  Hedley  remarked  that,  for  the  daily  consumption  indi- 
cated of  7,000,000  gallons,  he  had  roughly  estimated  the  cost  of  making 
galleries  to  provide  the  amount  of  storage  usually  considered  necessary 
at  £2,000,000. 

Mr.  Henry  Lawrence  thought  that  the  expense  of  storing  the  water 
in  galleries  wduld  be  far  more  expensive  than  doing  so  in  the  ordinary 
reservoirs,  even  when  these  reservoirs  were  arched  in,  as  at  Lambeth  and 
at  Chelsea.  The  galleries  would  soon  be  full  of  impurities  from  falls  in 
the  roof  and  sides,  and  would  be  very  difficult  to  cleanse ;  whereas  the 
covered  reservoirs  were  easy  to  get  at,  and  the  roofs  could  be  kept 
properly  white-washed  and  sweet.  He  considered  the  scheme  imprac- 
ticable. 
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Mr.  Burns  considered  that  to  some  extent  the  objections  to  his 
proposal  were  founded  on  misapprehension,  for  it  was  manifestly  unfair 
to  compare  the  quantity  of  storage  required  by  the  ordinary  plan,  where 
the  supply  was  obtained  from  the  surface  drainage  and  had  to  be  sufficient 
to  meet  long  periods  of  drought,  and  that  required  by  his  plan,  where  the 
supply  was  a  continuous  one.  He  thought  that  the  galleries  where 
insecure  could  be  strengthened  by  brickwork,  so  as  to  prevent  any 
inconvenience  from  falls;  and  the  intrusion  of  noxious  springs  through 
the  strata  might  be  prevented  by  the  same  means,  and  he  had  the 
assurance  of  gentlemen  well  qualified  to  give  a  practical  opinion  that 
there  would  be  no  contamination  of  the  water  caused  by  passing  it 
through  properly  constructed  hydraulic  machinery.  There  might  be 
some  extra  first  cost  incurred,  but  this  would  be  amply  repaid  by  economy 
in  the  subsequent  working  of  the  scheme. 

The  Chairman  then  moved  a  vote  of  thanks  to  Mr.  Burns,  which  was 
unanimously  carried. 
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SCHMITT'S  REVOLVING  SPIRAL  SCREEN. 


By  D.  P.  MOIUSON. 


This  screen  has  been  introduced  in  the  coal  districts  of  Germany  with 
great  success.     The  chief  advantages  obtained  by  its  use  are : — 

1st. — The  cost  is  smaller  than  that  of  ordinary  revolving  screens,  and 
the  space  occupied  in  proportion  to  the  work  done  is  very 
much  less. 
2nd. — The  coal  is  not  broken  in  the  process  of  screening  nearly  so 
much  as  in  ordinary  revolving  screens,  while  the  screening  into 
the  required  sizes  is  most  efficiently  done. 
3rd. — The    construction   is  simple    and   strong;     all    parts   readily 

accessible  and  easily  repaired. 
4th. — The  power  required   to  drive  it  is  less  than  with  ordinary 
revolving  screens,  as  the  material  being  screened  is  more 
distributed,  and  does  not  all  lie  at  the  bottom  of  the  screen. 
The  writer  has  been  indebted  to  Mr.  T.  J.  Danson  for  the  following 
information,  as  well  as  the  model  and  the  diagrams  illustrating  the  inven- 
tion. 

The  development  of  the  spiral  screen  shewn  in  Plates  XXXV.,  XXXVI. , 
and  XXXVII.  is  simply  a  long  strip  of  plate  perforated  throughout  its 
length  with  holes  of  different  sizes  according  to  the  sizes  into  which  the 
coal  is  required  to  be  separated.  This  strip  would  be  about  54  feet  long 
and  4  feet  wide,  and  being  wound  into  a  spiral,  and  the  ends  closed  and 
mounted  on  a  central  axle,  it  forms  the  spiral  screen. 

Plate  XXXV.  represents  a  section  through  the  axis  of  a  spiral  screen, 
Plate  XXXVI.  a  cross  section,  and  Plate  XXXVII.  an  end  elevation.  A  is 
the  axle  or  shaft  on  which  the  screen  is  mounted,  and  with  which  it  revolves; 
BB  are  carriages  (in  which  the  bearings  of  the  axle  work )  carried  upon  the 
frames  CC  at  each  end;  D  is  the  driving  sheave  round  which  a  belt  passes 
from  the  engine  shaft;  E  is  the  elevator  lifting  the  coals  to  the  inclined  spout 
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F,  which  conveys  them  into  the  central  portion  of  the  screen  1,  which  is  a 
cone  shaped  circle,  being  larger  in  diameter  at  its  outer  end  to  facilitate 
the  delivery  of  the  larger  pieces  of  coal  which  will  not  pass  through  the 
first  series  of  holes.  The  whole  of  the  other  coal  (passing  through  these 
holes)  falls  into  the  second  division  of  the  screen  2,  and  by  the  revolution  of 
the  screen  is  separated ;  the  pieces  too  large  to  pass  through  the  second  series 
of  holes  being  retained  upon  the  plate  until  that  point  comes  round  where  a 
channel  2a  (Plate  XXXVI.)  receives  them,  down  which  they  are  discharged 
out  at  the  side  of  the  screen  into  depots  or  by  spouts  into  wagons.  The 
coals  which  have  passed  through  the  second  series  of  holes  in  the  division  2 
fall  into  the  third  division  3,  and  as  the  screen  revolves  they  are  further 
separated,  the  pieces  which  will  not  pass  through  the  third  series  of  holes 
being  retained  until  the  channel  3a  comes  round,  down  which  they  run 
and  are  discharged  by  spouts  into  wagons  as  before.  The  smallest  coal 
and  "duff"  has  during  this  time  passed  through  the  holes  in  division  3, 
and  is  delivered  out  of  the  whole  of  the  bottom  portion  of  the  screen  into 
a  hopper  leading  by  a  spout  to  the  wagon.  The  unperforated  or  blank 
plates  shewn  by  the  full  dark  lines  are  to  prevent  the  coal  from  being  re- 
turned after  passing  through  the  holes,  as  the  delivery  through  the  side 
channels  2a  and  3a  takes  place  partially  at  or  above  the  horizontal  centre 
line  of  the  screen,  and  not  entirely  out  of  the  lowest  segment  of  the  circle 
as  in  ordinary  drum  screens. 

The  perforated  plates  forming  the  screen  are  put  on  in  segments,  and, 
when  required,  can  easily  be  removed  or  replaced  with  plates  having 
larger  or  smaller  holes  by  taking  out  a  few  bolts. 

A  model  specially  made  to  represent  a  screen  for  screening  coal  into 
three  sizes,  and  exactly  one-fifth  of  the  diameter  and  length  of  an  actual 
screen  capable  of  separating  400  tons  of  coal  in  ten  hours  was  exhibited 
when  the  paper  was  read.  The  actual  screen  would  be  8  feet  diameter 
and  4  feet  long.  In  the  model,  in  order,  as  far  as  possible,  to  adhere  to  the 
relative  proportions,  the  first  perforated  plate  was  a  coned  circle  with  a 
surface  of  1*3  square  feet,  and  holes  §  inch  diameter.  The  second  plate 
was  a  portion  of  a  spiral  with  a  surface  of  2*6  square  feet,  and  holes  nearly 
|  inch  diameter ;  and  the  third  plate  was  a  continuation  of  the  spiral  with 
a  surface  of  3  square  feet,  and  holes  rather  less  than  £  inch  diameter. 

The  extent  of  surfaces  and  the  sizes  of  the  holes  in  an  actual  screen 
will  depend  upon  the  nature  and  composition  of  the  coal  to  be  screened 
and  the  sizes  into  which  it  is  to  be  separated. 

The  coal  in  the  model  was  introduced  into  the  screen  by  means  of  a 
"hopper,"  with  a  worm  screw  or  "creeper"  working  in  it,  but  generally 
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and  preferably  with  a  view  of  avoiding  unnecessary  breakage,  the  coal 

is  delivered  direct  from  elevator  buckets  by  a  spout,  as  shown  in  the 
Plates. 

The  speed  of  an  actual  screen  to  deliver  400  tons  of  coal  in  ten  hours 
is  from  ten  to  twelve  revolutions  per  minute,  but  in  dealing  with  very 
soft  or  tender  coal  Mr.  Schmitt  prefers  a  slower  speed,  and  suggests  that 
two  spiral  screens  (each  equal  to  treating  three-fourths  of  the  quantity) 
be  used,  and  the  speed  reduced  to  six  or  eight  revolutions  per  minute, 
the  same  elevators  supplying  the  two  screens. 

The  following  table  shows  the  comparative  results  obtained  on  the 
Ruhr  from  actual  working  of  ordinary  revolving  drum  screens  and  of 
the  spiral  screen.  In  each  case  the  bulk  of  the  coal  as  worked  from 
the  pit  is  composed  as  follows,  viz.: — 

10  per  cent,  pieces  larger  than  3     inch  cubes. 


11 

do. 

do. 

If 

do. 

12 

do. 

do. 

1 

do. 

13 

do. 

do. 

i 
i 

do. 

10 

do. 

do. 

3 

115 

do. 

22 

do. 

do. 

5 
32 

do. 

22 

do. 

less 

than  i 

\  inch 

and  duff. 

100 

This  coal,  as  coming  from  the  pit,  is  passed  over  an  ordinary  inclined 
screen,  which  takes  off  the  blocks,  or  20  per  cent,  of  the  whole,  the 
remaining  80  per  cent,  being  delivered  by  the  elevators  into  the  screens, 
by  which  it  is  separated  into  five  sizes. 

The  arrangement  and  dimensions  of  the  comparative  screens  from 
which  the  following  table  is  compiled  are  shown  in  Plate  XXXVIII.. 
Fig.  1  being  the  revolving  drum  screen  and  Fig.  2  the  spiral  screen. 
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TABLE  OF  COMPARATIVE  RESULTS.— ORDINARY  DRUM  SCREENS. 
Plate  XXXV III.,  Fig.  1. 

First  portion,  5  ft.  3  in.  diameter,  15  ft.  9  in.  long,  12  revolutions  per  minute. 
Second  do.      4  ft.  6  in.       do.        14  ft.  9  in.    do.    15         do.  do. 


No.  of 

Section  of 

Screen. 

Diameter 

of  Holes  in 

inches. 

Square  feet 
traversed  by  the 
Coal  per  minute. 

Coal 

delivered  per 

minute. 

Coal  delivered 

per  square  foot 

per  minute. 

1 
2 
3 

To 

3 

l 

2 

2,060 

1,030                            ,, 
lbs. 

880                       1.490 

lbs. 
•252 

4 

3 

4 

1,000 

5 

1£ 

900 

5.870 

SPIRAL     SCREEN. 

Plate  XXXVIII.,  Fig.  2. 

Internal  diameter  2  ft.  9  in.,  external  diameter  7  ft.,  length  4  ft.  3  in.. 

10  revolutions. 

1 

H 

430 

~\ 

2 
3 

4 

3 
4 

1 
3 

490 
540 
650 

lbs. 
1,490 

lbs. 
•520 

5 

3 
10 

760 

j 

2,870 

From  this  table  of  results  it  appears  that  the  ordinary  revolving 
dram  screen  delivered  1,490  lbs.  of  coal  per  minute  after  passing  it 
over  5,870  square  feet  of  surface  ;  and  that  the  spiral  screen  delivered  the 
same  quantity,  but  passed  it  over  a  surface  of  only  2,870  square  feet,  or 
with  fifty  per  cent,  less  surface  traversed.  By  the  table  the  spiral  screen 
delivers  the  same  quantity  of  screened  coal  as  the  revolving  drum  screens, 
the  coal  in  each  case  being  separated  into  live  sizes,  exclusive  of  the  larger 
pieces  which  will  not  pass  through  the  largest  holes  in  the  screens,  but 
this  degree  of  separation  not  being  required  in  England,  the  process  of 
screening  can  be  simplified  in  proportion.  The  circumferential  speeds 
of  the  screens  are,  in  the  case  of  the  first  portion  of  the  drum  screen, 
198  feet  per  minute ;  in  the  second,  210  feet  per  minute;  and  in  the 
spiral  screen,  150  feet  per  minute  at  the  mean  diameter. 

The  greater  quantity  of  coal  screened  on  a  given  surface  by  the  spiral 
screen  may  be  accounted  for  by  the  fact  that  the  coals  lie  in  thinner 
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layers  (being  more  distributed),  find  that  they  move  on  a  horizontal  plane, 
while  in  the  drum  screens  they  have,  besides  the  revolving  motion, 
a  lateral  sliding  motion  down  the  incline  of  the  drum.  Then,  in  the  drum 
screens,  the  "duff"  has  to  find  its  way  through  the  smallest  holes  in  the 
first  section  of  the  screen,  the  "peas"  through  the  next,  and  so  on. 
Thus,  the  larger  pieces  of  coal  remain  on  the  screen  till  the  whole  process 
of  separation  is  completed ;  while  in  the  spiral  screen  this  is  exactly 
reversed,  as  the  larger  pieces  are  first  separated  and  thrown  out,  the 
"nuts"  next,  then  "peas"  and  smaller  sizes,  and  finally  the  "duff."  It 
is  therefore  certain  that  the  "duff"  must  be  perfectly  separated  from  the 
other  sizes,  which  are  also  each  better  defined  than  by  the  drum  screens. 

Another  important  point  is  gained  by  the  larger  pieces  being  first  dis- 
posed of,  viz.,  that  they  are  thus  prevented  from  being  knocked  about 
among  the  smaller  sizes  to  the  breaking  up  of  both.  The  absence  of  this 
knocking  about,  coupled  with  the  fact  that  a  given  quantity  of  coal  while 
being  screened  has  in  the  spiral  screen  to  pass  over  only  half  the  surface 
required  in  the  drum  screens,  fully  accounts  for  the  great  difference  in  the 
amount  of  breakage  of  the  coal  in  the  two  kinds  of  screens,  because  the 
breakage  increases  exactly  in  proportion  to  the  surface  traversed  by  the  coal 
in  the  process  of  screening.  Hence,  it  is  less  in  the  spiral  than  in  the  drum 
screen  by  50  per  cent,  on  this  ground  only.  Further,  the  breakage  caused 
by  the  larger  pieces  being  retained  on  the  screen  increases  as  the  cube  of 
the  size  of  the  pieces  (the  weight  of  which  is  as  the  cube)  and,  by  calcu- 
lation made  upon  this  data,  it  is  found  that  the  breakage  while  in  the 
screen  is  less  in  the  spiral  by  00  per  cent.  This  so  far  is  theoretical, 
but  based  upon  correct  principles,  and,  to  a  great  extent,  confirmed  by 
actual  results.  However,  the  mere  saving  in  breakage  by  the  smaller 
extent  of  surface  traversed  by  the  coal  in  the  spiral  screen  is  in  itself  a 
valuable  result,  and  it  is  a  practical  fact  according  to  the  testimony  given 
by  managers  of  coal  mines  in  Germany. 

The  mode  of  dealing  with  the  coal  in  Germany  is  described  as  follows: — 
The  rough  coal  as  it  comes  from  the  pit  is  passed  over  an  ordinary 
inclined  bar  screen  which  retains  the  larger  coal,  and  delivers  it  at  the 
bottom  on  to  a  travelling  belt  upon  which  it  is  cleaned,  the  stones,  slates, 
&c,  being  taken  out.  At  the  end  of  the  belt  it  falls  into  wagons  and  is 
taken  to  market.  The  small  coal,  which  has  fallen  through  the  bars  of 
the  screen  into  a  pit,  is  taken  by  an  elevator  up  to  the  spiral  screen, 
whence  the  sizes  above  "duff"  are  delivered  into  pulsating  washing  ma- 
chines. The  coal  floating  off  the  surface  is  passed  over  strainers,  to  take 
off  the  water,  and  then  runs  down  into  depots,  and  is  also  taken  to  market, 
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the  refuse  slate,  pyrites,  &c,  being  carried  away  by  creepers  into  tubs.  The 
smaller  coal  next  to  "  duff"  is  taken  into  a  disintegrator  and  crushed  for 
coking,  and  the  "  duff"  (which  has  not  been  washed)  is  also  crushed  and 
made  into  coke. 

The  principle  has  also  been  successfully  adapted  for  sorting  ores  into 
various  sizes,  but  its  application  to  coal  has  alone  been  dealt  with  in  this 
short  notice. 

In  conclusion,  the  writer  would  draw  attention  to  the  manifest 
advantage  which  would  result  by  eliminating  from  the  "  duff"  such 
marketable  coal  as  "  peas,"  or  "  small"  without  dust. 


The  Chairman,  after  inviting  discussion,  stated  that  if  the  benefits 
which  Mr.  Morison  claimed  for  the  screen  were  carried  out  in  practice, 
there  was  no  doubt  it  would  be  a  great  improvement  upon  the  ordinary 
revolving  screen,  although  if  it  was  necessary  in  the  first  instance  to 
separate  the  large  coal  by  an  ordinary  inclined  screen,  this  additional 
plant  would  be  required,  and  the  breakage  incident  to  that  process  would 
still  take  place. 

Mr.  Morison  stated  that  the  screen  was  constructed  to  separate  the 
duff  and  the  different  classes  of  small,  and  that  when  the  ordinary  inclined 
screen  was  used  to  separate  the  large  pieces,  the  present  inclination  of  such 
screens  could  be  considerably  reduced  with  a  proportionate  saving  of 
breakage. 

The  Chairman  said,  they  were  very  much  obliged  to  Mr.  Morison 
for  bringing  practical  machinery  of  this  description  before  them,  the  use 
of  which  would  save  labour  and  improve  the  quality  of  the  work.  He 
had  much  pleasure  in  proposing  a  vote  of  thanks  to  that  gentleman, 
which  was  unanimously  responded  to. 


The  Chairman  then  announced  that  Mr.  Morison's  paper  "  On  Rigg 
and  Meiklejon's  Coal-cutting  Machine"  was  open  for  discussion,  and  asked 
if  Mr.  Morison  had  anything  more  to  say  upon  the  subject  ? 

Mr.  D.  P.  Morison  stated  that  since  the  paper  had  been  read  he 
had  made  a  point  of  going  to  Scotland  and  making  himself  personally 
acquainted  with  the  working  of  the  machine  at  Penston  Colliery,  near 
Tranent,  where  the  owners  had  had  two  years'  experience  of  its  efficiency, 
and  he  did  this  because  he  desired  that  the  members  of  the  Institute 
should  be  in  possession  of  the  most  reliable  information  on  the  subject. 
He  was  bound  to  admit  that  after  his  inspection  his  opinion  on  the  value 
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of  the  machine,  and  the  figures  representing  its  efficiency,  had  been 
modified  considerably,  in  a  way  that,  in  his  opinion,  very  much  enhanced 
the  value  of  the  machine. 

By  the  courtesy  of  Messrs.  Deans  and  Muore,  the  owners  of  the  Penston 
Colliery,  the  writer  descended  the  pit  on  the  afternoon  of  the  4th  February, 
in  time  to  see  the  machine  start  work  on  the  long-wall  face  of  coal  prepared 
for  it;  and  the  following  is  a  transcript  of  the  notes  made  on  that  occasion 
from  the  start  until  the  end  of  the  face  was  reached. 


TABLE  No.  I. 


Penston  Colliery,  4th  February,  1879. 


Work  Performed  by  Rigg  and  Meiklejon's  Coal  Cutter, 
Working  witu  35  lbs.  pressure  of  Air. 


Stoppage. 

Time. 

Cutting. 

Total 
Yards 

Cause  of  Stoppage. 

Minutes. 

h.m. 

Minutes. 

Cut. 

Started. 

330 

Stopped 

4-10 

40 

24 

To  change  cutters ;  8  cutters  changed. 

20 

Started. 

4-30 

Stopped 

445 

15 

38 

Small  fault  in  coal. 

3 

Started. 

4-48 

Stopped 

5-  5 

17 

To  change  rails. 

5 

Started. 

510 

Stopped 

512 

2 

Sleepers  slipped. 

9 
20 

Started. 
Stopped 
Started. 

521 
525 
5-45 

4 

"'«"« 

To  lengthen  chain  and  to  change  cut- 
ters— all  blunt. 

Stopped 

5-47 

2 

One  cutter  bent. 

5 

Started. 

5-52 

Stopped 

6-  3 

11 

To  change  rails  and  alter  level. 

6 

Started. 

6-  9 

Stopped 

612 

3 

64 

One  cutter  lost  off. 

7 

Started. 

6-19 

Stopped 

638 

19 

Disc  catching  floor. 

2 

Started. 

6-40 

Stopped 

7-  2 

22 

89 

To  change  cutters  and  "  bait "  time. 

30 

Started. 

7-32 

Stopped 

7-42 

10 

Sleeper  slipped. 

3 

Started. 

7-45 

Stopped 

7-48 

3 

Do.         do. 

3 

Started. 

7-51 

Stopped 

8-  1 

10 

102 

To  lengthen  chain. 

9 

Started. 

8-10 

Stopped 

8-14 

4 

One  cutter  loose. 

3 

Started. 

8-17 

Stopped 

8-18 

1 

Same         do. 

9 

Started. 

8-27 

Stopped 

8-30 

3 

Same         do. 

10 

Started. 

8-40 

Stopped 

8-46 

6 

To  change  6  badly-tempered  cutters. 

17 

Started. 

9-  3 

Stopped 

9-  5 

2 

To  change  rails. 

5 

Started. 

930 

20 

Stopped 

10-  5 

35 

129| 

End  of  prepared  face. 

186  mins. 

Total 

209  mins. 

129£ 

Hra 
3 

Mins. 
6 

3 

29 

6 

35 
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Stoppages     ...         

Cutting 

Total  Time 

Or  129g       yards  per  shift  of  6  hours  35  minutes. 
„      19"68  yards  per  hour  of  shift. 
„      37        yards  per  hour  of  cutting. 

Stoppages  beyond  control  of  machine : — 

"Bait"  time         ...         ...  ...  ...  ...  ...  30 

Badly-tempered  tools        ...  ...  ...  ...  ...  24 

Small  fault             ...         ...  ...  ...  ...  ...  3 

~57 
Regular  stoppages,  changing  rails,  cutters,  etc.  . . .       129 

Total  Stoppages  186 

The  length  of  wall  prepared  before  each  night  shift  for  the  machine 
may  be  taken  as  130  yards,  although  in  some  cases  150  or  170  yards  have 
been  cut  daring  the  duration  of  the  shift,  from  six-and-a-half  to  eight 
hours  at  the  face.  The  whole  of  the  work  is  performed  by  three  men  and 
one  boy,  who  are  paid  by  the  ton,  and  is  tilled  the  next  shift  by  the 
fillers.  The  average  depth  of  cut  was,  on  the  night  in  question,  slightly 
over  3  feet  2  inches,  but  the  writer  is  assured  that  3  feet  5  inches  may 
safely  be  taken  as  the  average.  The  height  of  the  cutting  (or  kirving)  is 
very  regular,  not  exceeding  3^  inches  at  the  front. 

The  prices  paid  for  the  machine  work  may  be  estimated  at : — 

s.  d. 
Coal  cutting,  labour  as  above    ...         ...         ...         ...  3  per  ton. 

Maintenance   of   machine,  repairing  and  tempering 

cutters,  lubricants,  etc.      ...         ...         ...         ...  1      ,, 

Fillers  (round),  4d.  per  tub  (20  to  score,  6  cwts.  each); 

Chews,  3|d.  per  tub;  dross,  2d.  per  tub,  say      ...  11       „ 


3 


Add  as  per  Table  No.  II.  for  interest  on  plant  at  a 
maximum 


Cost  of  hewing 
Cost  of  filling 


1 

61 

7* 

11 

1 

^ 

This  cost  is  stated  by  Messrs.  Deans  and  Moore  to  be  less  than  half 
the  cost  of  hand-work  in  other  parts  of  the  pit  where  the  coal  is  higher. 
Hand  hewing  could  only  be  introduced  at  very  great  expense  in  the 


RIGG  AND  MEIKLEJON'S  0OAL-0UTTING  MACHINE.  191 

district  where  the  cutter  is  at  work,  on  account  of  the  average  tlii'-kii'-ss 
of  seam  being  so  small,  and  would  result  in  a  loss  of  more  than  50  per 
cent,  of  the  round  coal  obtained  by  the  machine. 

The  approximate  comparison  of  round  coal  per  ton  cut  by  the  machine 
at  Penston  may  be  assumed  to  be  on  the  average : — Round,  12  cwts.  per 
ton;  chews,  3  cwts.  per  ton  ;  duff,  5  cwts.  per  ton.  By  hand  holing  they 
would  not  obtain  more  than  9  cwts.  per  ton  of  round,  even  where  hand 
holing  was  practicable,  and  in  this  district  probably  only  G  cwts.  per  ton 
would  be  produced. 

The  writer  would  wish  to  correct  the  figures  given  to  him  for  his 
paper,  they  having  been  somewhat  overstated.  The  following  table 
will  be  found  a  correct  estimate  of  the  plant  required,  and  of  the  actual 
cost  per  ton  taken  over  the  past  twelve  months  : — 

TABLE  No.  II. 

Cost  of  Plant  required  for  the  Working  of  one  of  Rigg  and  Meiklejon's 
Patent  Coal-cutting  Machines. 

One  steam  boiler,  with  fittings  complete  ...  ...  ...  £300 

One  air-compressing  engine,  with  steam  engine  combined  ...  520 

One  air  receiver,  or  old  boiler      ...         ...  ...  ...  ...  30 

One  machine,  with  rails  and  sleepers     ...  ...  ...  ...  220 

Steam  and  air  pipes,  with  connections  ...  ...  ...  ...  150 

Buildings  and  foundations           ...          ...  ...  ...  ...  200 

Allow  for  incidental  expenses      ...         ...  ...  ...  ...  100 


£1,520 


For  two  or  more  machines  the  cost  of  plant  would  have  to  be  only  slightly  increased, 
as  the  compressing  power  would  be  ample  for  such  increase. 

Cost  per  Annum  (240  Working  Days.) 

Interest  on  £1,520  at  5  per  cent.            ...         ...         ...         ...  £76 

Depreciation  of  machinery  at  5  per  cent.          ...         ...         ...  76 

Repairs  on  machinery       ...         ...         ...         ...         ...         ...  50 

Stores,  including  steel  for  cutters,  etc.  ...         ...         ...         ...  50 

Coal  for  steam  boiler,  540  tons  at  3s.     . . .         ...           . .         ...  81 

Smithy  coal,  files,  and  other  tools           ...         ...         ...         ...  9 

Fireman  or  boiler  stoker  ...          ...          ...          ...          ...          ...  52 

Blacksmith  for  sharpening  cutters,  etc.             ...         ...         ...  50 

Wages  for  three  men  and  a  boy  for  holing  38,400  yards  lineal, 

being  160  yards  per  shift  for  240  days,  at  30s.  per  shift  360 


£804 


In  240  working  days  38,400  yards  were  cut  in  the  seam,  which  averages  from  22  to 
28  inches ;  say,  25,600  tons,  at  7^d.  per  ton,  left  ready  in  face  for  tillers. 
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These  figures  had  given  him  a  basis  for  estimating  the  cost  of  intro- 
ducing the  machine  into  some  of  the  thicker  seams  here,  where  he  con- 
sidered that,  at  a  distance  of  400  yards  in-bye  as  in  Scotland,  a  saving  of 
over  50  per  cent,  would  be  effected. 

In  answer  to  questions  from  different  members,  Mr.  Morison  stated, 
that  the  quality  of  coal  was  very  hard  and  totally  different  in  texture 
from  any  that  was  found  in  this  district.  [Members  who  had  examined  a 
large  and  handsome  specimen  that  was  exhibited  in  the  Hall,  pronounced 
it  similar  to  the  North  Country  Low  Main,  but  slightly  harder  and  more 
brittle.]  The  Is.  6|d.  a  ton  mentioned  as  the  cost  of  hewing  and  filling 
the  coal,  was  equivalent  to  the  hewers'  wages  here.  It  included  filling 
the  coal  into  tubs  at  the  gateways,  ready  to  be  transported  from  the  face, 
but  it  did  not  include  any  underground  transport. 


Mr.  Breckon  asked  if  the  meeting  could  have  any  idea  of  the  per- 
centage of  large  coal  as  worked  by  the  machine  compared  with  the 
percentage  by  hand  labour  ?  That  seemed  an  important  part  of  the 
question,  as  far  as  the  coal  trade  at  present  was  circumstanced. 

Mr.  Morison — The  proportion  of  round  coals  to  small  got  by  the 
machine  is  as  twelve  to  twenty ;  that  is,  with  the  machine,  out  of  a  score 
of  twenty  tubs  twelve  are  round.  In  a  part  of  the  pit  where  the  seam 
is  thirty  inches,  there  is  less  than  one-half  round  coal  got  by  hand  holing  ; 
that  is,  by  hand  labour,  out  of  every  twenty  tubs  in  a  thirty-inch  seam 
there  would  be  about  nine  tubs  of  round,  as  compared  with  twelve  tubs 
by  machine  in  the  twenty-two  inches  district. 

Mr.  Lawrence  said,  that  Mr.  Morison's  experience  had  gone  to  show 
the  great  utility  of  the  machine  in  working  excessively  thin  seams,  seams 
indeed  which  were  so  thin  as  almost  practically  to  preclude  their  being 
worked  by  hand,  and  this  he  considered  to  be  the  great  advantage  of  coal 
cutting  machinery,  inasmuch  as  they  enabled  a  reasonable  percentage  of 
round  coal  to  be  obtained  from  seams  which  would  yield  almost  nothing 
but  small  if  worked  by  hand  in  the  usual  way,  and  hardly  allow  them  to 
be  worked  to  a  profit  at  all.  Mr.  Breckon,  however,  he  understood  to 
ask,  what  would  be  the  increase  of  large  coal  in  seams  such  as  they  had  in 
this  neighbourhood,  which  were  capable  of  being  profitably  hewn  by  hand  ? 
He  would  be  obliged,  also,  if  Mr.  Morison  would  give  him  some  explana- 
tion as  to  the  mode  of  filling ;  the  large  sample  of  coal  exhibited  appeared 
to  him  to  be  the  full  thickness  of  the  seam,  less  the  3£  inches  taken  out 
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by  kirving,  and  he  could  not  sec  how  men  who  necessarily  had  to  work 
on  their  hands  and  knees  could  possibly  fill  such  large  pieces  an] 
considerable  part  of  the  roof  was  taken  away. 

Mr.  Morison,  in  reply,  stated  that  the  gateways,  which  were  about 
12  yards  apart  and  led  direct  to  the  face,  were  made  of  sufficient  height 
to  carry  the  tubs.  As  the  machine  went  along  kirving  the  face,  the  coal 
was  kept  from  falling  by  wedges,  and  when  the  kirving  had  been  com- 
pleted these  wedges  were  removed.  The  coal  was  then  cast  to  the  tubs  in 
the  gateways,  where  there  was  more  height,  and  the  Is.  6|d.  per  ton 
included  this  amount  of  throwing  back,  which,  of  course,  would  never 
exceed  6  yards.  The  coal  cutter  is  on  wheels  which  run  on  rails.  With 
regard  to  the  amount  of  large  coal  produced,  he  would  draw  their  atten- 
tion to  the  fact  that  if  a  seam  of  the  thickness  of  the  one  he  had  visited 
at  Penston  could  be  worked  by  hand,  which  he  very  much  doubted,  they 
would  hardly  get  any  round  coals  at  all,  because  in  a  kirving  of  3  feet  4 
inches  deep,  about  16  inches  in  height  of  coal  would  have  to  be  hewn  out 
to  waste  in  the  fore  part  of  the  kirving,  whereas  the  kirving  the  machine 
made  was  only  3j  inches  deep  from  the  front  to  its  extreme  depth. 

The  Chairman  asked  what  Mr.  Morison  meant  when  he  said  that 
for  a  certain  length  of  time  the  stoppage  was  out  of  the  control  of  the 
machine  ? 

Mr.  Morison  said,  that  that  was  when  through  some  mistake  on  the 
part  of  the  men  at  the  surface  the  cutters  sent  down  had  not  been 
tempered,  and  also  the  meal  or  "  bait"  time. 

The  Chairman  asked  if  there  was  any  reason  why  there  should  be  50 
per  cent,  of  the  time  lost  if  everything  was  going  smoothly  ? 

Mr.  Morison  said,  it  took  nearly  half  of  that  time  to  change  the  rails 
from  back  to  front,  and  to  renew  the  cutters,  which  would  scarcely  be 
called  lost  time. 

Mr.  Lawrence  said,  that  his  experience  of  coal-cutting  machines 
— and  he  had  seen  a  great  many — was  something  like  that  described  by 
Mr.  Morison  ;  half  the  time  was  lost.  If  they  could  get  machines  to  go 
straight  ahead  without  so  many  hitches,  they  would  certainly  then  have  a 
very  good  account  to  give  of  them.  He  did  not  understand  Mr.  Morison 
to  mean  that  the  men  only  worked  three  hours  out  of  the  six,  and  in  the 
other  three  took  their  bait ;  but  it  did  seem  strange  that  the  machine 
worked  only  half  its  time.  Those  who  had  been  down  in  these  narrow 
seams  and  seen  machines  at  work  knew  the  difficulties  under  which  the 
men  laboured  ;  and,  therefore,  even  considering  that  the  machine  worked 
only  three  hours  out  of  the  six  in  such  a  narrow  seam,  he  thought  it 
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compared  very  favourably  with  some  machines  which  he  had  seen, 
which  worked  perhaps  half-an-hour  out  of  the  six. 

Mr.  "Weeks  thought  the  great  mistake  which  was  made  was,  that  they 
wanted  the  coal-cutting  machines  to  traverse  too  much  ground.  He 
believed  that  by  employing  more  machines  they  would  have  better  results 
than  by  having  one  machine  and  working  it  at  a  rate  that  was  unsuitable 
to  its  strength  and  structure. 

Mr.  Morison  said,  in  conclusion,  that  what  he  considered  the  best 
practical  test  of  the  machine  was,  that  at  Penston  for  five  days  a  week — 
and  he  believed  for  nearly  two  years,  certainly  for  over  eighteen  months 
— they  hewed  100  tons  of  coal  every  night  with  this  one  machine;  and 
even  if  the  height  were  sufficient  for  a  man  to  work  in,  it  would  take  a 
great  many  men  to  do  the  same  amount  of  work. 

The  Chairman  then  proposed  a  vote  of  thanks  to  Mr.  Morison  for 
the  additional  information  on  the  important  subject  he  had  laid  before 
them,  which  was  unanimously  carried,  and  the  meeting  then  terminated. 
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GENERAL  MEETING,  SATURDAY,  APRIL  5,  1879,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


G.  C.  GREENWELL,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council. 

The  following  gentleman  was  elected  : — 

Student — 
Mr.  Kenneth  Macrae  Davis,  Towneley  and  Stella  Collieries,  Ryton-on-Tyne. 

The  following  were  nominated  for  election  at  the  next  meeting  : — 

Ordinary  Member — 
Mr.  Arthur  Lawrence,  Mining  Engineer,  72,  Crockherbtown,  Cardiff. 

Associate  Member — 
Mr.  Douglas  M.  Bell,  Rope  Manufacturer,  Hendon  Ropery,  Sunderland. 


The  President  then  read  his  Inaugural  Address  as  follows 
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THE  PRESIDENT'S  ADDRESS. 


Gentlemen, — In  the  address,  which,  by  the  honour  you  have  con- 
ferred upon  me  in  electing  me  your  President,  you  have  permitted  me  to 
present  to  you,  I  propose,  in  the  first  place,  to  take  a  general  retrospect  of 
what  has  been  done  in  the  last  twenty-six  years,  in  order  to  ascertain  if  the 
programme  laid  down  for  itself  by  the  (then)  "North  of  England  Institute 
of  Mining  Engineers  has,  so  far,  been  successfully  followed,  as  regards  the 
results  sought  to  be  obtained;  and,  in  the  second  place,  to  consider  that 
programme  in  connection  with  certain  other  arrangements  by  which  its 
progress  may  be  still  further  increased.  It  is  not  my  intention  to  enter 
into  any  questions  in  which  matters  connected  with  capital  and  the  em- 
ployment of  labour,  in  their  relationship  to  each  other,  as  such,  arc  involved. 
In  the  early  stages  of  the  Institute  when  the  majority  of  its  members  were 
living  under  its  shadow,  and  when  it  might  be  supposed  that  home  inter- 
ests might  have  allowed  the  introduction  of  such  subjects,  little,  if  any, 
reference  was  ever  made  to  them;  the  present  condition  of  the  Institute, 
numbering  among  its  members  representatives  of  the  mining  and  mechani- 
cal interests  of  even  more  than  the  United  Kingdom,  entirely  precludes 
them.  We  may  consider  the  condition,  capacity,  and  economical  appli- 
cation of  the  powers  of  those  employed;  and  we  may  also  consider  the 
mode  of  effecting  economy  in  mineral  production  as  regards  the  establish- 
ment of  plant,  the  manufacture  of  machinery,  and  the  adaptation  of  such 
appliances  as  are  connected  therewith,  without  in  any  way  taking  into 
our  consideration  any  other  question  relating  thereto,  except  as  regards 
the  promotion  of  such  an  employment  of  each  as  will  conduce  to  the  m<  ist 
advantageous  application  of  all ;  and  this  is  the  task,  Gentlemen,  which 
we  have  imposed  upon  ourselves  the  duty  of  performing.  Much  has  been 
done,  to  which  many  most  able  papers  communicated  to  this  Institute  bear 
unequivocal  testimony,  but  much  more  remains  to  be  done ;  and  such  is 
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the  onward  march  of  science,  such  are  the  discoveries  by  which  we  are 
almost  daily  startled,  that  it  will  require  our  most  assiduous  endeavours,  in 
availing  ourselves  of  their  application  to  our  own  circumstances,  to  keep 
pace  with  them. 

We  have  two  elements  to  deal  with;  one  of  them  we  can  apply  as  we 
will — Capital;  and  the  other  we  can  only  apply  in  a  qualified  degree — 
Labour.  I  will  not,  as  previously  stated,  attempt  to  define  the  relative 
value  of  each,  but  merely  endeavour  to  show  the  condition  in  which  each 
should  be  placed  so  as  to  produce  the  best  combined  result  from  both. 
To  what  extent  is  this  condition  attainable,  so  far  as  comes  within  the 
province  and  scope  of  this  Institute?  That  is  our  present  problem. 
Labour,  in  order  to  perform  its  part  rightly,  should  be  efficient  in  the 
highest  degree,  and  to  this  end  it  should  be  enabled  by  the  application 
of  capital  to  exist  under  such  primary  conditions  as  include — 

1.  The  greatest  practical  security  for  the  life  of  the  workman. 

2.  The  most  skilled  education  of  the  workman. 

3.  The  greatest  economy  in  the  application  of  his  time  and  energy. 

1.  The  greatest  practical  security  for  the  life  of  tlie  workman. — What 
has  already  been  done  in  order  to  attain  this  object,  and  which  has 
to  a  large  extent  been  due  to  the  exertions  of  this  and  of  kindred 
institutes,  will  be  seen  by  the  following  comparison  between  the  state  of 
things  in  existence  previous  to  1852,  when  this  Institute  was  formed,  and 
that  at  the  present  time. 

In  the  year  1851  there  were  employed  above  and  below-ground  in  the 
collieries  of  Great  Britain  216,217  persons,  and  of  these  1  out  of  every 
219  persons  employed  met  with  a  fatal  accident;  or  there  were  4*560 
deaths  to  every  1,000  persons  employed.  In  the  year  1877  the  number 
of  persons  employed  in  the  mines  of  Great  Britain  and  Ireland  was  494,386, 
and  the  proportion  of  deaths  was  as  1  to  409,  being  2*445  deaths  to  every 
1,000  persons  employed.  And  this  result  is  not  that  of  an  exceptional 
year.  In  1874,  the  ratio  was  1  death  to  every  510  persons  employed, 
and  in  1876  it  was  1  to  551. 

In  the  ten  years  previous  to  and  including  the  year  1860,  the  ratio  of 
deaths  to  the  number  of  persons  employed  was  as  1  to  245,  or  at  the  rate 
of  4*081  per  1,000. 

In  the  ten  years  previous  to  and  including  the  year  1870,  the  ratio  of 
deaths  was  as  1  to  300,  or  at  the  rate  of  3*333  per  J, 000. 

And  in  the  seven  subsequent  years  to  and  including  the  year  1877,  the 
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ratio  has  been  as  1  to  443,  or  2*257  per  1,000,  or  about  one-half  of  what 
it  was  in  1851.  It  is  earnestly  to  be  hoped  that  this  proportion  will  still 
be  largely  diminished. 

When  we  find  that  the  loss  of  life  from  explosions  of  fire-damp  in  1 85 1 
was  in  the  proportion  of  1  to  every  073  persons  employed,  or  1*486  to 
every  1,000;  that  in  the  ten  years  ending  with  1800,  the  proportion 
was  as  1  to  1,008  persons  employed,  or  0'992  to  every  1,000;  that  in  the 
ten  years  ending  with  1870,  it  was  1  to  1,408  persons  employed,  or  0*710 
to  every  1,000;  and  that  in  the  seven  years  ending  with  1877,  it  was  as  1 
to  2,671,  or  0'374  to  every  1,000  persons  employed  in  mines,  or  about 
one-fourth  of  what  it  was  in  1851,  we  have,  I  think,  fair  ground  for  con- 
gratulation, especially  when  we  reflect  upon  the  fact  of  so  much  of  the 
coal  produced  during  the  last  quarter  of  a  century  having  been  worked 
out  of  the  maiden  districts  of  the  most  fiery  coal-seams  of  the  kingdom, 
and  perhaps  of  the  world,  and  that  this  is  the  class  of  accident  which, 
above  all  others,  is  that  least  under  control.  The  above  results  are  ob- 
tained from  the  excellent  and  highly  instructive  table  contained  in  Mr. 
Dickinson's  (Inspector)  Keport  to  Her  Majesty's  Secretary  of  State  for 
the  year  1877,  recently  published. 

Without  going  so  minutely  into  detail  in  other  matters,  it  appears 
desirable  to  make  a  few  further  extracts. 

Whereas  the  deaths  from  "roof  and  sides  falling"  have,  in  1851,  as 
compared  with  1877,  diminished  from  1  death  to  every  661  persons  em- 
ployed, or  1*513  per  1,000,  to  1  death  to  every  1,103  persons  employed,  or 
0-906  per  1,000;  and  that  the  deaths  in  "shafts"  have  in  the  same  years 
fallen  from  1  death  to  every  987  persons  employed,  or  1'023  per  1,000,  to 
1  in  3,832  persons  employed,  or  0'201  per  1,000,  we  have  again,  I  think, 
fair  grounds  for  congratulation. 

The  deaths  from  "miscellaneous  accidents  under-ground"  have,  in 
1851,  as  compared  with  1877,  increased  from  1  death,  in  1851,  to  every 
2,961  persons  employed,  or  0*337  per  1,000,  to  (in  1877)  1  death  to  every 
2,643  persons  employed,  or  0#378  per  1,000;  and  the  deaths  from  "miscel- 
laneous accidents  above-ground"  have  in  the  same  years  of  comparison 
fallen  from  1  death  to  every  4,914  persons  employed,  or  0-203  per  1,000, 
to  1  death  for  every  5,014  persons  employed,  or  0'199  per  1,000. 

In  these  two  latter  cases  there  has  not  been  any  improvement;  but  it 
must  be  borne  in  mind  that  these  belong  to  classes  of  accidents  far  more 
under  the  control  of  the  persons  who  suffer  by  them  than  those  others,  the 
protection  against  which  falls  to  a  large  extent  within  the  province  of 
capital  and  its  immediate  agents. 
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That  the  two  last  items  referred  to  occupy  no  insignificant  place  in  the 
entire  category  is  seen  by  the  following  percentage  position  of  each  of  the 
five  classes  analysed: — 

1.  Fire-damp  explosions  ...         ...         ...     21'65 

2.  Roof  and  sides  falling        39-17 

3.  Shafts  16-46 


4.  Miscellaneous  under-ground 

5.  Do.         surface 

77-28  per  cent. 

...     15-88 

...       6-84 

10000 

When  in  the  year  1835  the  late  Mr.  Buddie  gave  evidence  before  a 
Select  Committee  of  the  House  of  Commons  on  accidents  in  mines,  he 
gave  it  as  his  opinion  that  the  loss  of  life  in  the  North  of  England,  from 
ordinary  casualties,  must  be  very  nearly  equal  to  that  occasioned  by  ex- 
plosions of  fire-damp  (Evidence,  2,378).  Mr.  Buddie,  from  his  large 
opportunities  of  possessing  knowledge  of  the  facts,  and  from  his  well- 
known  habits  of  accurate  observation,  would  in  all  probability  be  not  very 
far  wrong  in  his  conclusions.  Unless,  therefore,  since  those  days  the 
loss  of  life  from  explosion  has  enormously  diminished,  that  from  other 
casualties  has  enormously  increased,  but  this,  ascertained  facts  absolutely 
disprove. 

On  careful  consideration  of  what  I  have  already  brought  before  you, 
Gentlemen,  I  think  that  it  must  be  candidly  admitted  that  very  great 
steps  have  been  taken  in  the  direction  of  bringing  about  that  security  of 
life  so  earnestly  to  be  desired;  but  at  the  same  time  it  is  none  the  less 
incumbent  upon  us  to  leave  no  stone  unturned  whereby  that  security  may 
be  much  further  promoted. 

We  have  seen  that  the  loss  of  life  from  all  causes  during  the  year 
1876  was  1  to  every  551  persons  employed,  or  1-815  deaths  per  1,000 
persons ;  and  I  take  that  year,  not  because  it  happens  to  be  the  most 
favourable,  but  because  it  allows  a  comparison  to  be  made  between  the 
casualties  of  mining  and  those  affecting  life  at  sea. 

In  the  year  1876,  the  loss  of  life  in  the  merchant  service  by  drowning 
alone  was  1  to  every  87*503  persons  employed,  or  11*428  per  1,000.  Of 
the  above,  the  loss  of  life  by  drowning,  occasioned  by  wreck,  was  1  to 
160*580  persons  employed,  or  6*227  per  1,000  ;  and  by  other  accidental 
drowning,  1  to  192*292  persons  employed,  or  5*202  per  1,000.  And  this 
was  not  an  exceptional  year,  for  the  average  of  the  ten  years  ending  1875 
gives  the  following  death-result,  by  drowning  only,  in  the  merchant 
service: — 
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By  wreck,      1  to  119'990  persons  employed,  or  8-3  per  1,000 
By  accident,  1  to  189-044         „  „  or  53  per  1,000 


Total,  1  to  73-401  persons  employed,  or  136  per  1,000 

And  this  by  no  means  represents  the  proportion  of  the  number  of  deaths 
by  accident  at  sea  to  the  number  of  those  employed,  for  the  above  only 
includes  casualties  by  drowning,  and  is  exclusive  of  deaths  occasioned  by 
other  causes,  and  is  exclusive  of  "masters." 

The  Report  of  the  Registrar-General,  recently  issued,  does  not  furnish 
us  with  the  deaths  from  other  causes,  but  these  must  largely  augment  the 
grand  total.  Even  in  the  Royal  navy  the  loss  of  life  by  drowning  alone 
was,  in  187C,  1  to  every  849*245  persons  employed,  or  1*2  per  1,000;  and 
in  the  same  year  the  number  of  lives  lost  by  other  accidents  was  2  per 
1,000,  making  a  total  of  3*2  per  1,000,  or  1  death  for  every  312*5  persons 
employed,  presumably  also  exclusive  of  "masters."  The  number  of  deaths 
in  this  year  was  to  some  extent  enhanced  by  35  deaths  from  the  boiler 
explosion  in  H.M.S.  "Thunderer." 

The  average  loss,  by  drowning  alone,  in  the  navy  for  the  ten  years 
ending  with  1875,  was  1  to  every  413*783  persons  employed,  or  2*4  per 
1,000,  but  this  does  not,  according  to  the  Report  which  I  have  quoted, 
include  the  number  of  deaths  from  other  causes  than  by  drowning ;  but 
the  average  of  the  ten  years  ending  with  1875  is  probably  nearly  double 
what  it  would  have  been  but  for  the  lives  lost  by  the  "  Captain"  and 
"Slaney." 

In  the  further  institution  of  comparisons  between  the  loss  of  life  in 
mines  and  those  lost  in  other  avocations,  I  may  add,  from  Mr.  Willis' 
(Mine  Inspector)  Report  for  the  year  ending  Dec.  31,  1875,  that  on  the 
authority  of  the  Board  of  Trade  Returns,  in  a  total  of  270,000  persons 
employed  on  the  railways  of  the  Kingdom  in  1874,  1,000  lost  their  lives. 
This  is  equal  to  1  death  for  every  270  persons  employed,  or  of  3*703  per 
1,000. 

It  may,  for  the  sake  of  comparison,  be  stated  that  the  number  of  per- 
sons engaged,  in  the  above  occupations  in  187G  was  as  follows : — 

Mines        514,532 

Merchant  service             ...         ...         198,638 

Royal  navy           45,010 

Railways  (1874) 270,000 

And  from  these  numbers  and  the  percentages  above  given,  the  actual 
numbers  of  deaths  from  various  causes  can  be  easily  calculated. 
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We  are  unable  to  compare  the  casualties  in  each  employment  further 
than  has  already  been  attempted,  because  we  do  not  know  the  number  of 
deaths  at  sea  (in  the  merchant  service)  by  accidents  from  other  causes 
than  drowning.  But  the  absolute  number  of  deaths  by  accident  in  1876 
(exclusive  as  before  stated)  is  as  follows  : — 

Mines 933 

Average  of  27  years  to  and  with  1876       1,048 

Merchant  service,  by  drowning  only  ...         ...         2,270 

Average  of  10  years  to  and  with  1876       2,700 

Royal  navy,  by  drowning  only       ...         ...         ...         53 

Average  of  10  years  to  and  with  1876,  including 

loss  by  "  Captain"  and  "  Slaney"  113-5 

Royal  navy,  by  accident,  including  wounds,  injuries,  and 

drowning    ...         ...         ...         ...         ...  ...         ...      144 

Average  of  3  years  to  and  with  1876         116-21 

Railways  (1874)        1,000 

There  are  some  most  useful  conclusions  to  be  drawn  from  the  above 
statistics ;  and  the  first  of  these,  as  regards  the  mining  interest  of  this 
country,  is  a  most  important  one,  particularly  bearing  in  mind  the  absolute 
identity  of  interest  that  exists  upon  tins  point  among  all  persons  con- 
nected with  mines,  from  the  owner  to  the  trapper,  and  that  first  essential 
to  the  economy  of  mining  in  its  true  sense,  the  security  of  life. 

It  is  not  true,  as  has  been  asserted,  that  "  the  miner  produces  coal 
by  a  severity  of  labour,  and  risJc  of  personal  safety,  to  which  the  workman 
of  no  other  occupation  is  exposed ;"  or  that  "  the  number  of  deaths  in 
coal-mines  averaged  eight  or  ten  times  above  the  general  average  of 
deaths  by  violence  from  dangerous  occupations ;"  for  we  see  that  even  in 
the  navy  itself,  with  all  its  advantages,  to  say  nothing  of  the  merchant 
service,  the  ratio  of  deaths  per  1,000  persons  employed  is  in  excess  of 
what  it  is  in  the  occupation  of  mining,  and  that  in  railway  employment 
it  is  about  double. 

That  there  is,  on  the  part  of  all  concerned,  an  absolute  identity  of 
interest  in  the  reduction  of  mining  casualties,  is  shown  by  the  fact  that 
to  all  of  these  casualties  (see  reports  of  Mine  Inspectors,  passim),  the 
managers  of  mines  are  equally  exposed  with  those  whom  they  employ ; 
and,  as  is  well  known,  the  management  is  in  numerous  instances  held  by 
the  owners  of  mines  themselves,  who  thus  have  personal,  as  well  as 
pecuniary,  reasons  for  doing  their  utmost  to  prevent  them. 

Having  now  brought  before  you,  Gentlemen,  an  accurate  statement  of 
things  as  they  have  been,  and  are,  I  beg  to  be  allowed,  following  up  the 
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line  which  in  my  address  to  you,  I  have  laid  down  for  myself,  to  make  a 
few  remarks,  and  with  them  a  few  suggestions  as  to  the  bearing  of  the 
same  upon  what  may  he  done  in  the  future,  with  a  view  of  making  oiining 
life  still  more  secure. 

It  will  have  heen  observed,  no  doubt,  that  serious  individual  catas- 
trophes have  swelled  the  average  loss  of  life  in  the  navy  :  the  same 
applies  to  the  merchant  service,  and  the  same  applies  to  mining,  though 
not  to  persons  employed  on  railways. 

Save  and  except  as  lessons  for  our  instruction,  this  Institute  has 
nothing  to  do  with  any  of  these  services  but  that  of  mining,  and  the 
others  having  served  their  object  may  now  be  dismissed  from  further 
consideration  at  this  time. 

When  we  look  at  the  occasional  and  too  frequent  large  loss  of  life 
caused  by  one  explosion,  may  we  not  ask: — Are  we  not,  to  use  a  homely 
expression,  putting  too  many  eggs  in  one  basket  ?  Especially  considering 
a  most  important  question  which  has  been  brought  before  us,  namely,  that 
by  reason  of  the  atmosphere  of  a  coal  mine  being  so  impregnated  with 
impalpable  coal  dust,  that  which  would  otherwise  be  probably  a  local  fire 
may  be  merely  the  match  which  produces  a  thorough  blast  ?  Is  it  not 
reasonable  to  conclude  that  the  more  extensive  the  mine,  and  the  larger  the 
number  of  persons  employed,  the  larger  amount  of  ventilation  required 
in  consequence  will  be  more  likely  to  have  the  effect  of  stirring  up  such 
a  loaded  atmosphere  ?  I  recollect  an  occasion  when  by  reason  of  one 
half  of  the  workings  of  a  large  and  fiery  colliery  being  temporarily 
drowned  up,  the  remainder  was  worked  double  shift,  coals  being  worked 
twenty-four  hours  per  day  instead  of  twelve.  I  have  not  forgotten  the 
anxiety  of  that  time,  nor  the  expression  of  the  underviewer,  one  of  the 
best  pitmen  I  ever  knew,  that  "the  pit  had  never  time  to  cool."  I  think 
no  one  will  deny  that  additional  safety  must  result  from  the  gas  drainage 
of  even  a  few  hours  previous  to  the  next  breaking  off  of  fresh  coal.  Is  it 
right,  even  when  there  is  no  such  reason  (I  do  not  say  necessity)  as  in  the 
above  case,  so  to  work  collieries  that  "  the  pit  has  never  time  to  cool  ?" 
Simply  from  the  safety  point  of  view,  is  it  right  to  employ  at  any  one  time 
a  greater  number  of  persons  than  practical  and  experienced  men  know  are 
sufficient  to  perform  a  given  amount  of  work,  when  that  number,  by  ap- 
pliances within  our  reach,  can  be  reduced  by  the  substitution  of  machinery 
of  different  kinds  to  do  that  work  now  executed  by  manual  labour? 

The  above  questions,  and  others  which  might  be  well  considered,  are 
such,  as  regards  arrangements,  as  fall  entirely  under  the  control  of  capital, 
and  all  of  them  are  within  the  province  of  mining  engineers.    They  are  all 
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more  or  less  connected  with  those  accidents  which  arise  from  explosions  of 
fire-damp;  and  due  attention  to  them  might,  I  think,  lead  to  beneficial 
results.  As  to  the  other  four  classes  of  accident,  they  seem  to  admit  of  a 
division  under  two  heads;  one  in  which  the  appliances  are  supplied  by  the 
employer,  and  their  application  is  in  the  hands  of  the  employed;  the 
second  which,  to  a  large  extent,  the  employed  have  to  exercise  their  own 
skill  and  caution  to  guard  against,  and  it  is  under  this  latter  head  that 
no  improvement  has  taken  place;  and  this  leads  me  to — 

2. — The  most  skilled  education  of  the  workman. — I  very  much  doubt  if 
this  kind  of  education  can  be  attained  except  by  commencement  in  the 
mine  at  a  comparatively  early  age.  The  skilled  education  of  the  miner  is 
a  very  different  sort  of  thing  from  the  education  given  in  ordinary  schools, 
and  is  more  akin  to  that  successfully  given  on  board  of  training  ships  with 
the  object  of  making  efficient  seamen.  In  the  latter  case  the  training  is 
not  given  with  a  view  to  the  service  of  those  trained  being  made  a  source 
of  profit,  and  in  consequence,  with  the  training,  can  be  given  other,  and 
especially  social,  education,  of  which,  as  essential  to  the  best  result,  there 
cannot,  I  think,  be  any  question  as  to  the  great  advantage.  What  I  wish 
to  convey  is  this:  that  if,  in  the  earlier  years  of  those  intended  to  become 
miners,  they  are  to  have  their  time  and  mind  occupied  with  the  work  of 
school,  they  cannot,  even  if  partly  employed  in  the  hurry  and  bustle  of 
mining  life,  learn  that  "  wide-awake-ness,"  to  coin  a  word,  which  is  in 
after-life  the  pith  and  marrow  of  a  good  pitman;  and  the  converse  is 
equally  true. 

I  dare  say  the  idea  of  a  "  training  colliery"  in  each  district  would  be 
a  somewhat  novel  one ;  but  I  do  not  think  that  it  is  any  less  capable  of 
being  worked  out  than  that  of  training  ships.  If  properly  trained  by  such 
means,  there  is  no  reason  why  boys  should  commence  colliery  work  in 
earnest  before  the  age  of  fourteen  or  fifteen.  To  train  all  would  be 
probably  impracticable,  but  the  training  of  a  considerable  number  would 
elevate  the  whole.  I  believe  that  when  the  whole  of  the  advantages  of 
combining  school  education  with  the  boy-work  of  the  miner  come  to  be 
properly  balanced  with  the  disadvantages  derived  therefrom,  it  will  be 
found  that  a  step  has  been  made  in  the  wrong  direction  as  regards  the 
production  of  the  skilled  miner. 

3. — Tlie  greatest  economy  in  the  application  of  his  time  and  energy.  The 
attainment  of  this  is  what  must  to  a  large  extent  necessarily  follow  upon 
the  attainment  of  the  two  first  conditions.  The  workman  who  feels  that 
during  his  employment  his  life  is  secure,  and  who  has  that  amount  of 
skilled  training  and  acquired  experience  which  enables  him,  in  the  greatest 
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possible  degree,  to  avail  himself  of  the  time  at  his  disposal,  ifl  undoubtedly 
the  nearest  to  that  condition  in  which  he  can  do  the  largest  amount  of 

work  with  the  most  comfort  and  advantage  to  himself,  and  in  the  best 
and  most  workman-like  manner.  He  will  be  able  to  guard  more  carefully 
against  those  accidents,  the  security  against  which  depends  in  so  great  a 
degree  upon  his  own  intelligent  care  and  attention.  He  will  have  attained 
a  better  position  socially,  and  will  in  consequence  have  a  greater  amount 
of  self-respect,  and  will  lead  a  more  orderly  and  better-regulated  life  ;  and 
he  will,  much  more  than  at  present,  be  able  to  feel  with  the  old  soldiers 
of  the  Great  Napoleon,  that  "he  carries  a  marshal's  baton  in  his  knapsack." 
Now,  Gentlemen,  there  is  here  no  clashing  of  interests ;  the  position  of 
the  marshal  is  not  lowered  because  able  men  are  allowed  to  rise  to  his 
level  from  the  ranks.  The  higher  class  education  and  training  of  the 
mining  engineer  will  always  enable  him  to  occupy  the  position  for  which 
he  has  been  intended,  provided  always  that  he  fail  not  in  other  respects. 
The  opportunities  of  those  without  such  advantages  are  now  comparatively 
few ;  but  I  cannot  help  thinking  that  such  opportunities,  if  even  much 
more  frequent  than  they  have  hitherto  been,  would  be  attended  with  great 
advantage,  if  in  no  other  respect  than  that  they  would  operate  as  a  spur 
to  the  exertions  of  those  who  have  commenced  life  under  more  favourable 
auspices. 

It  cannot,  I  think,  but  be  gratifying  to  the  members  of  the  Institute 
to  have  such  accounts  of  other  coal  and  mineral  fields,  both  at  home  and 
abroad,  as  have,  from  time  to  time  during  the  course  of  last  year,  been 
presented  to  them ;  as  instance,  "An  Account  of  the  Condition  of  the 
Mining  Industries  of  Prussia  in  the  year  1875,"  by  Mr.  J.  B.  Simpson; 
"Notes  on  the  Geology  of  the  Bristol  Coal-field,  with  special  reference  to 
the  Gloucestershire  Basin,"  by  Dr.  Walter  Saise;  "On  the  Perran  Iron 
Lode  in  Cornwall  and  the  Mines  of  the  District,"  by  Mr.  Charles  Parkin  ; 
"A  Geological  Sketch  of  the  Northern  Coal-field  of  France,"  by  Mons. 
Henry  Laporte  (read  by  Mr.  G.  A.  Lebour) ;  "On  the  present  Condition 
of  Mining  in  some  of  the  principal  coal-producing  Districts  of  the  Conti- 
nent," by  Mr.  T.  Lindsay  Galloway;  "  On  Canadian  Coals,  their  composition 
and  uses,"  by  Mr.  Edward  Gilpin.  We  cannot  all  be  travellers,  and  those 
who  stay  at  home  and  have  their  sphere  of  observation  confined  to  their 
own  immediate  neighbourhood,  are  very  largely  benefited  by  such  infor- 
mation, and  it  is  to  be  hoped  that  the  volumes  of  the  Transactions  will 
frequently  be  enriched  with  such  contributions  as  these.  At  the  same 
time,  we  must  steadily  bear  in  mind  the  objects  for  which  the  Institute 
was  established;  these  were,  "to  meet  at  fixed  periods  and  discuss  the 
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means  for  the  ventilation  of  coal  mines,  for  the  prevention  of  accidents,  and 
for  general  purposes  connected  with  the  winning  and  working  of  collieries ;" 
and  however  desirable  it  is  that  we  should  have  brought  before  us  every- 
thing connected  with  mining  in  its  most  extended  view,  we  must  not,  at 
the  same  time,  forget  to  give  its  due  share  of  attention  to  its  practical 
element. 

As  regards  colliery  explosions,  a  very  important  question  has  recently 
been  raised  as  to  their  connection  with  the  impalpable  coal  dust  which 
floats  in  the  atmosphere  of  collieries,  and  especially  of  those  in  which  dry 
and  dusty  seams  of  coal  are  worked.  This  question  has  been  brought 
before  the  Royal  Society  by  Mr.  W.  Galloway ;  it  has  also  received  the 
attention  of  the  mining  engineers  of  the  Continent,  and  has  also  formed 
the  subject  of  a  paper,  communicated  by  Professor  A.  Freire-Marreco  and 
Mr.  D.  P.  Morison,  to  the  Chesterfield  and  Derbyshire  Institute  of  Mining, 
Civil,  and  Mechanical  Engineers,  and  of  one  more  recently  communicated 
to  us  by  the  same  gentlemen. 

Those  who  have  examined  the  workings  of  collieries  after  explosions 
have  occurred  cannot  fail  to  have  been  struck  by  the  following  facts  which 
are  of  frequent  occurrence : — 

1.  The  large  area  affected  by  the  fire,  frequently  including  the 

general  workings  to  a  greater  or  less  extent. 

2.  The  very  frequent  entire  absence  of  explosive  atmosphere  in  any 

part  of  the  workings,  notwithstanding  the  derangement  of  the 
ventilation. 

3.  The  quantity  of  charred  coal  dust  that  is  found  covering  the 

pmps  and  the  floors  and  wall-sides  of  the  drifts  and  excavations. 
The  above  certainly  lead  us  to  the  conclusion  that  it  was  not  the 
actual  condition  of  the  mine  previous  to  the  explosion  as  regards  fire- 
damp, which  was  the  cause  of  such  a  wide-spread  fire.  What  part  is 
performed  by  coal  dust  and  what  part  by  fire-damp,  possibly  given  off 
with  great  rapidity  during  even  the  short  period  of  the  explosion,  is  at 
present  hidden  from  us.  That  coal  dust  should  suddenly  be  ignited  by 
flame,  distilled  into  gas,  and  exploded  simultaneously  over  miles  of  exca- 
vations, is  not  easy  to  realize,  although  it  may  be  capable  of  ocular 
demonstration  that  it  will  do  so  in  a  box ;  it  is  a  case  in  which  I  fear 
laboratory  experiments  will  fail  us.  "We  are  by  no  means  absolutely  cer- 
tain as  to  the  temperature  at  which  fire-damp  will  ignite;  we  know  that 
coal  gas  will  ignite  at  a  much  lower  one;  but  have  we  considered  the 
result  from  a  distillation  at  a  low  temperature  of  that  impalpable  dust 
which  we  have  under  our  notice?     Not  gas  in  its  purified  state,  but  with 
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all  of  its  highly  inflammable  adjuncts?  And  not  cool,  but  at  the  tem- 
perature of  distillation?  Will  this  fire  at  a  Davy-lam]),  not  at  but  under 
a  red  heat?  Have  we  thought  whether  or  not  the  sudden  compression 
(produced  by  an  explosion)  of  the  loaded  atmosphere  into  the  culs-desae  of 
the  workings  might  produce  sufficient  heat  not  only  to  distil  the  dust  but 
to  ignite  the  product?  We  must  on  these  points  carry  our  investigations 
much  further.  They  are  of  such  most  serious  importance  that  they  should 
form  the  subject  of  special  and  exhaustive  enquiry  with  experiments  as  far 
as  possible  on  a  practical  scale,  to  be  made  by  a  committee  similar  to  those 
which  have  been  from  time  to  time  appointed  to  investigate  the  im- 
portant questions  of  under-ground  haulage,  safety-lamps,  ventilating, 
machinery,  &c. 

Many  years  ago,  when  the  chief  employment  of  coal  was  for  purposes 
to  which  screened  coals  only  were  mainly  applicable,  immense  quantities 
of  small  coal,  for  which  there  was  no  sale,  were  annually  consumed  on  the 
fiery  heaps  of  these  and  other  districts.  As  manufactories  increased,  the 
small  coal  obtained  a  market  which,  to  a  large  extent,  it  still  maintains. 
The  requirements  for  large  or  screened  coals,  however,  appear  to  be  greater 
than  those  for  the  small  coal,  without  which  they  are  not  produced ;  and 
there  appears  at  present,  and  probably  for  some  time  to  come,  to  be  a 
likelihood  of  a  recurrence  to  those  "  burning  shames"  of  the  past.  Those 
of  you,  Gentlemen,  who  have  visited  the  collieries  abroad,  will  no  doubt 
have  observed  with  great  interest  the  manufacture  of  fine  small  coal,  by 
mixing  it  with  a  little  pitch  and  compressing  the  mixture  in  a  plastic  state 
produced  by  heat  into  moulds,  into  what  are  called  briquettes,  suitable  for 
those  purposes  to  which  large  coal  is  applied.  This  is  a  subject  to  which, 
I  think,  we  may  well  direct  our  attention,  particularly  as  by  such  mani- 
pulation the  whole  of  the  valuable  mineral  which  we  bring  to  the  surface 
by  so  great  an  expenditure  of  capital  and  labour  may  be  utilized.  I  need 
not  remark  that  if  by  this  process  we  can  convert  worthless  small  coal  into 
a  fuel  as  valuable,  or  nearly  as  valuable,  as  large  coal,  at  a  cost  much  less 
than  that  of  producing  large  coal,  a  lower  rate  of  exhaustion  of  our  coal- 
fields and  an  equal  or  greater  return  for  our  capital  would  be  the  result, 
because  thus  the  same  quantity  of  useful  fuel  would  be  produced  by  a  less 
expenditure  of  capital,  labour,  and  of  our  natural  resources. 

The  discoveries  which  have  been  recently  made  in  the  production  of 
the  electrical  light  seem  almost  to  hold  out  a  hope  to  us  that  we  may  haw 
mines  lighted  by  its  agency  much  more  effectually  and  safely  than  at  pre- 
sent. This  is  a  question  all  possible  information  upon  which  we  ought  to 
obtain  with  a  view  to  seize  upon  anything  which  may  be  made  available 
for  our  special  requirements. 
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Many  of  us  no  doubt  remember  the  assertion  of  a  distinguished  phi- 
losopher, that  no  steam  vessel  could  ever  carry  coal  enough  to  steam  across 
the  Atlantic;  and  many  of  us  may  have  heard  of  the  saying  of  Sir 
Humphrey  Davy,  that  when  London  was  lighted  with  gas  he  should  ex- 
pect to  see  St.  Paul's  and  Westminster  Abbey  shake  hands !  But  who 
in  these  days  will  be  found  to  doubt  or  question  the  marvellous  resources 
of  science  and  its  power  to  apply  to  practical  use  those  secret  powers  of 
nature,  of  the  very  existence  of  which  we  have  scarcely  even  dreamed  ? 
Gentlemen,  we  have  been  born  fifty  years  too  soon  ! 


Mr.  Lindsay  Wood  said,  he  felt  sure  the  members  would  join  with 
him  in  passing  a  vote  of  thanks  to  their  President  for  his  very  instructive 
and  able  address,  in  which  was  so  much  that  would  require  the  serious 
consideration  of  the  members,  and  which,  he  bad  no  doubt,  would  cause 
them  to  produce  appliances  which  might  tend  still  further  to  the  saving 
of  life,  an  object  the  Institute  always  had  in  view,  and  which  he  con- 
sidered it  had  very  materially  contributed  to  effect.  He  thought  the 
statistics  which  the  President  had  given  were  most  instructive,  and  he 
felt  sure  that,  through  the  instrumentality  of  the  Institute,  the  saving  of 
life  would  be  still  greater  than  it  had  already  been.  He  therefore  asked 
the  meeting,  without  further  comment,  to  join  with  him  in  a  vote  of 
thanks  to  the  President. 

The  motion  was  then  put  and  carried  by  acclamation. 

The  President  said,  he  was  extremely  obliged  to  the  members  for 
the  very  high  compliment  they  had  paid  him  in  having  received  his 
address  in  so  flattering  a  manner. 


The  President  then  announced  that  Mr.  D.  P.  Morison's  paper  on 
"  Schmitt's  Revolving  Spiral  Screen"  was  open  for  discussion,  and  asked 
Mr.  Morison  whether  any  of  the  screens  were  at  work  in  England  ? 

Mr.  Morison  said,  he  did  not  think  they  had  been  introduced  into 
this  country,  but  Mr.  Danson,  who  had  kindly  supplied  him  with  the 
information  contained  in  the  paper,  was  present,  and  had  some  particulars 
connected  with  the  screen  to  communicate  to  the  meeting. 

Mr.  Danson  said,  the  screen,  the  model  of  which  was  before  them, 
was  not  at  work  in  this  country.     It  had  been  introduced  in  Germany, 
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on  the  Ruhr,  and  the  results  contained  in  the  paper  read  to  the  Institute 
at  the  last  meeting,  by  Mr.  Morison,  were  taken  from  screena  actually  at 
work  in  competition  with  the  ordinary  revolving  screen,  which  is  also 
used,  and  which  the  present  screen,  from  its  superior  results,  appeared 
likely  to  supersede. 


Mr.  W.  Steadman  Alois  then  read  the  following  paper  "On  the 
Mathematical  Theory  of  Amsler's  Planimeter." 
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ON  THE  MATHEMATICAL  THEORY  OF  AMSLEB'S 
PLANT  METER. 


Hv   W.  STHADMAN  ALOIS,  M.A. 


The  writer's  attention  having  been  called  to  the  mathematical  theory  of 

Amsler's  Planimeter  by  gentlemen  desirous  of  becoming  more  conversant 
with  the  principles  on  which  its  accuracy  depends,  he  has  endeavoured  to 
elucidate  the  subject  in  a  short  paper. 

An  account  of  this  instrument  has  been  given  in  a  paper  by  Mr.  J. 
Bramwell,  published  in  the  British  Association  Reports  for  1872,  but 
this  account  is  rather  a  description  of  its  mechanical  construction  than 
an  explanation  of  the  mathematical  principles  on  which  it  is  constructed. 
Another  account  of  the  instrument,  which  appeared  in  Spoil's  Dictionary 
of  Engineering  is,  in  substance,  the  same  as  the  one  now  given,  but  as 
some  of  the  details  are  differently  treated,  it  is  possible  that  the  present 
attempt  to  further  illustrate  the  theory  of  the  construction  of  the 
instrument  in  an  elementary  manner  may  not  be  without  interest  to  the 
members. 

Essentially  the  Planimeter  consists  of  two  straight  arms,  AB  and 
CBT,  Fig.  1.  The  point  A 
is  fixed,  and  the  arm  AB 
can  turn  freely  in  one  plane 
about  A.  The  other  arm  is 
fixed  to  AB  at  B  by  a  pin, 
round  which  it  is  capable  of 
turning  in  the  same  plane 
as  that  in  which  AB  turns. 
To  one  end  of  this  second 
arm  is  affixed  a  tracer  T ; 
and  at  some  other  point  of 
this  arm  C  is  affixed  a  wheel, 
which  turns  round  an  axis 
parallel  to  and  beneath  CBT, 
and  whose  periphery  rolls  on  the  plane  on  which  the  whole  instrument 
rests.  The  rim  of  this  wheel  is  graduated,  so  that  by  means  of  a  pointer 
the  amount  through  which  it  has  turned  in  passing  from  one  position  to 
another  can  be  read  off. 


FIG.  1 
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The  reading  of  this  circle  gives  the  amount  of  space  described  by  the 
point  C  during  the  motion,  the  space  being  estimated  at  each  instant  in  a 
direction  perpendicular  to  the  instantaneous  position  of  CBT.  This  will  be 
obvious  to  all  who  are  familiar  with  the  instrument. 

The  tracer  T  is  made  to  pass  round  the  periphery  of  any  closed  figure. 
During  this  process  the  point  B  will  travel  along  the  arc  of  a  circle  whose 
centre  is  A  and  radius  AB,  travelling  in  one  direction  during  part  of  the 
time  and  in  the  opposite  during  other  part  or  parts  of  the  time,  finally 
arriving  at  the  same  point  from  which  it  started.  The  position  of  the 
point  B  can  be  determined  for  any  given  position  of  T  by  a  process 
familiar  to  all  draughtsmen,  the  distances  TB  and  AB  being  given. 

Let  now  TT',  Fig.  2,  be 
two  consecutive  positions  of 
the  tracer,  BB'  the  corres- 
ponding positions  of  the  pin 
B.  Through  B'  draw  a 
straight  line  parallel  to  BT, 
to  meet  the  curve  traced  in 
U.  The  area  BTT'B'  is  thus 
divided  into  two  parts,  one 
part  differing  inappreciably 
c  from  the  sector  of  a  circle 

whose  radius  is  B'T'  and  whose  angle  is  T'B'U,  and  the  other  being  a 
trapezium  whose  area  is  approximately  the  product  of  BT  into  the  dis- 
tance between  BT  and  B'T',  and  consequently  varying  as  this  latter 
distance,  since  BT  is  constant.  During  this  same  motion  the  wheel  will 
register  the  whole  amount  travelled  by  C  perpendicularly  to  BC.  This 
will  be  less  than  the  perpendicular  distance  between  BT  and  B'U  by  the 
arc  of  a  circle  whose  centre  is  B'  and  radius  B'C,  which  subtends  an 
angle  C'B'C",  which  equals  UB'T',  at  the  centre. 

Now  if  we  imagine  the  tracer  to  pass  over  the  whole  perimeter  of  the 
closed  figure,  since  BT,  Fig.  1,  finally  conies  back  to  the  position  from 
which  it  started,  the  algebraic  sum  of  the  areas  of  the  small  sectors  such 
as  UB'T'  must  vanish,  since  the  areas  of  sectors  are  proportional  to  their 
angles,  and  the  sum  of  the  angles  taken  positively  must  equal  the  sum  of 
the  angles  taken  negatively. 

For  a  similar  reason  the  sum  of  the  arcs  of  the  small  circles  registered 
by  the  wheel  must  also  vanish.  Hence  the  final  result  registered  by  the 
wheel  will  be  the  algebraic  sum  of  the  distances  between  all  such  lines  as 
BT  and  B'U,  Fig.  2 ;  the  wheel  turning  in  one  direction  if  B'U  be  to  the 
left  of  BT,  and  in  the  opposite  if  B'U  be  to  the  right  of  BT. 
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It  is  easily  seen  that  if  during  the  time  when  T  is  on  the  part  of  the 
figure  in  which  BT  moves  to  the  right  we  estimate  the  areas  as  positive, 
and  during  the  time  in  which  it  moves  to  the  left  we  estimate  the  areas 
as  negative,  the  final  sum  of  the  areas  described  by  JiT  will  be  the  area 
included  by  the  closed  figure. 

Hence  this  area  is  proportional  to  the  amount  registered  by  the  wheel 
during  the  whole  passage  of  T  over  the  perimeter  of  the  closed  curve. 

It  is  obvious  that  the  final  amount  registered  will  be  the  same  what- 
ever the  position  of  C  on  BT,  since  the  small  distances  C'C"  disappear 
from  the  final  result. 

These  results  can  be  expressed  in  the  language  of  the  integral  calculus. 
Let  6,  0  be  the  angles  which  AB  and  BT  make  with  any  fixed  direc- 
tion.    Then  the  elementary  area  TBB'T',  divided  into  the  two  parts 
T'B'U  and  TUB'B  is  equal  to 

i  b2£0  +  baS0  cos.  (0  —  0), 
if  AB  =  a,  BT  =  b. 

The  whole  area  described  will  therefore  be  the  sum  of  all  such  expres- 
sions, or 

2  £  b2  £0  +  2ba  cos.  (0  —  6)  c0, 

of  which  the  former  term  vanishes. 

The  amount  recorded  by  the  wheel  as  the  rod  passes  from  BT  to  B'T' 

=  &S0  cos.  (0  —  9)  —  cS0,  if  BC  =  c  ; 

and  the  whole  amount  recorded  by  the  wheel  therefore 

=  2ao#  cos.  (0  —  0)  —  2c£0, 

of  which  the  latter  term  vanishes. 

Hence  if  A  be  the  area  of  the  closed  curve,  and  n  the  length  recorded 

by  the  wheel, 

A  =  bn. 

If  b  and  n  be  estimated  in  inches,  the  area  will  be  given  in  square 
inches  by  multiplying  the  record  on  the  wheel  by  the  length  of  b. 

As  above  remarked  the  relation  between  A  and  n  does  not  involve  c, 
the  length  of  BC.  Hence  it  is  indifferent  at  what  point  of  BT  the 
registering  wheel  is  placed. 

The  instrument  would  record  equally  accurately  if  the  point  B  were 
constrained  to  move  in  a  straight  line  instead  of  the  arc  of  a  circle,  or 
indeed  in  a  groove  of  any  convenient  shape,  so  long  as  the  point  B  in 
moving  along  the  groove  move  so  as  to  return  at  last  to  its  original 
position. 

The  two  following  diagrams  are  added  to  show  various  cases  of  relative 
position  of  BT  and  B'T'. 
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Iii  Fig.  3,  the  area 
described  is  the  differ- 
ence of  the  sector  and 
the  trapezium,  the  trape- 
zium being  still  described 
positively  and  the  sector 
negatively.  The  small 
triangular  area  T'UU'  is 
indefinitely  small  com- 
pared with  the  other 
small  areas  in  the  figure, 
and  may  be  neglected  in 
the  computation. 


In  Fig.  4,  the  trape- 
zium and  the  sector  are 
both  described  negatively. 


The  investigation  of  the  properties  of  the  Planimeter  has  proceeded 
on  the  assumption  that  the  centre  of  rotation  and  the  arc  described  by 
the  point  B  lie  entirely  without  the  area  to  be  measured.  The  instrument 
can,  however,  be  used  to  measure  an  area  when  the  fixed  point  A  is  placed 
within  the  area,  and  the  point  B,  instead  of  passing  along  a  certain  arc 
of  the  circle  and  then  back  along  the  same  arc,  is  made  to  describe  the 
whole  of  the  perimeter  of  that  circle. 
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The  area  described  out- 
side this  circle  will  as  before 
(•(insist  of  a  series  of  paral- 
lelograms  and    a    series  of 

sectors.  The  series  ol 
tors  will  in  this  case  or  the 
whole  no  longer  cancel  one 
another  as  before,  but  will 
add  together  and  form  alto- 
gether the  area  of  a  circle 
whose  radius  is  BT.  Hence 
the  area  inside  the  closed 
curve  will  be  the  sum  of  the 
parallelograms,  and  the  sum 
of  the  areas  of  two  circles 
whose  radii  are  respectively  AB  and  BT. 

Similarly  the  small  arcs  C'C",  described  in  the  small,  motions  by  the 
registering  wheel,  will  no  longer  cancel  one  another,  but  will  add  together 
and  form  the  perimeter  of  a  circle  whose  radius  is  CB. 

Hence  the  area  described  will  not  now  equal  the  product  of  the  register 
of  the  wheel  by  the  length  of  the  arm  BT,  but  will  exceed  it  by  a  quan- 
tity which  depends  only  on  the  lengths  of  the  lines  AB,  BC,  and  BT. 
If  this  quantity  be  estimated  once  for  all,  and  stamped  on  the  instrument, 
the  planimeter  can  then  be  used  to  estimate  areas  of  such  dimensions 
that  the  whole  instrument  is  obliged  to  make  a  complete  revolution  within 
the  area  in  order  that  the  tracer  T  may  pass  over  the  whole  periphery. 

The  arithmetical  relation  between  the  area  and  the  register  of  the 
wheel  is  easily  seen,  by  those  who  have  followed  the  analysis  in  the  paper, 
to  be 

A  =  bn  +  ir-ar  +  tHo2  —  27rbc, 
7r  being  the  number  3,1415<J. 

If  the  wheel  register  one  b-th  of  an  inch  as  a  whole  inch  the  register 
will  give  the  square  inches  in  the  area  to  be  added  to  the  given  constant. 
If  the  rotation  of  the  registering  wheel  be  such  as  to  give  a  smaller 
reading  at  the  end  than  at  the  beginning,  the  quantity  n  will  be  negative 
and  must  be  subtracted  from  the  constant  number  stamped  on  the  instru- 
ment. 
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Mr.  G.  B.  Forster  said,  he  had  much  pleasure  in  moving  a  vote  of 
thanks  to  Mr.  Aldis  for  his  paper,  which  was  most  interesting.  It  was 
a  paper  which  would  require  a  great  amount  of  study ;  but  he  had  no 
doubt  that  when  printed  the  members  would  be  quite  able  to  appreciate 
Professor  Aldis'  lucid  description. 

Mr.  Morison  said,  he  had  great  pleasure  in  seconding  the  motion, 
and  it  was  carried  unanimously. 

The  meeting  then  terminated. 
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GENERAL    MEETING,   SATURDAY,   MAY    3rd,   1879,    IN    THE   WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


G.  C.  GREENWELL,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council. 
The  following  gentlemen  were  elected : — 

Ordinary  Member — 
Mr.  Arthur  Lawrence,  Mining  Engineer,  72,  Crockherbtown,  Cardiff. 

Associate  Member — 
Mr.  Douglas  M.  Bell,  Rope  Manufacturer,  Hendon  Ropery,  Sunderland. 

The  following  was  nominated  for  election  at  the  next  meeting : — 

Associate  Member — 
Mr.  E.  T.  Bailes,  Wingate,  Fcrryliill. 


The  discussion  of  Mr.  J.  D.  Kendall's  paper,  "On  the  Hematite 
Deposits  of  West  Cumberland,"  which  had  been  announced,  was  postponed, 
in  consequence  of  Mr.  Kendall's  unavoidable  absence. 
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GENERAL  MEETING,  SATURDAY,  JUNE  7tu,  1879,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


G.  C.  GREEN  WELL,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  general  meeting,  and 
reported  the  proceedings  of  the  Council. 

The  following  gentleman  was  then  elected: — 

Associate  Member — 
Mr.  E.  T.  Bailes,  Wingate,  Ferry  Hill. 

The  following  were  nominated  for  election  at  the  next  meeting: — 

Associate  Member — 
Mr.  Matthew  Heckels  Douglas,  Whitburn  Colliery,  Sunderland. 

Student — 
Mr.  Samuel  Hare,  Peraberton  Colliery,  Wigan. 


The  discussion  on  Mr.  J.  D.  Kendall's  paper,  "  On  the  Hematite 
Deposits  of  West  Cumberland,"  was  then  proceeded  with. 

The  President  stated  that  Mr.  Kendall  had  kindly  attended  the 
meeting  to-day  to  give  any  further  information  on  the  subject  that  might 
be  required,  and  had  brought  specimens  of  various  rocks  and  fossils,  taken 
from  the  district,  to  illustrate  his  remarks.     He  had  read  this  paper  of 
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Mr.  Kendall's  with  very  great  satisfaction  ;  first,  on  account  of  the  large 
amount  of  information  it  contained,  and,  in  the  next  place,  on  account  of 
the  evident  care  which  had  been  bestowed  upon  its  compilation,  which 
he  was  the  better  able  to  appreciate  as  he  had  himself  carefully  examined 
the  different  districts  of  the  hematite  iron  ore  country.  He  would  first 
wish  to  have  some  explanation  of  the  statement  contained  on  page  115, 
that  the  coal  measures  are  divisible  into  two  parts,  which  are  uncomform- 
able  to  one  another,  the  upper  part  being  named  the  "Whitehaven  sand- 
stone. The  unconformability  of  this  Whitehaven  sandstone  with  the 
coal-measures  proper,  as  he  would  call  them,  seemed  to  him  to  be  clearly 
established,  but  he  very  strongly  doubted  whether  the  former  formed  part  of 
the  coal-measures  at  all.  In  the  absence  of  distinct  proof  to  the  contrary, 
he  rather  thought  that  it  was  a  Permian  formation.  Upon  this  subject 
there  has,  in  other  places,  been  much  difference  of  opinion.  At  Tyne- 
mouth,  underlying  the  lower  New  Red  Sandstone  (the  well-known  "sand" 
which  has  been  the  occasion  of  such  large  expenditures  in  sinking  through 
it  in  the  county  of  Durham),  there  is  a  sandstone  and  also  a  bed  of  shale 
resembling  the  upper  series  described  by  Mr.  Kendall.  This  sandstone 
and  shale  are,  however,  he  should  consider,  a  portion  of  the  true  coal- 
measures,  coloured  by  infiltration  of  ferruginous  matter  from  the  formerly 
overlying,  but  now  denuded,  New  Red  Sandstone.  As  may  be  seen,  the 
sandstone  contains  small  nodules  of  hematite  iron  ore.  In  the  whole  of 
the  English  coal-fields  which  he  (the  President)  had  examined,  where 
there  is  an  overlie  of  Permian  formation,  the  coal-measures  for  several 
fathoms  subjacent  to  it  are  stained  red  or  purple.  Where  the  strata  so 
stained,  on  account  of  their  unconformability,  attain  a  greater  depth 
below  the  Permian,  they  lose  these  red  and  purple  colours,  and  present 
the  ordinary  character  of  coal-measure  strata.  These  coloured  strata 
were  formerly  and  erroneously  called  Lower  New  Red  Sandstone.  At 
Askam,  in  Furness,  the  hematite,  as  he  had  observed  it  in  18G5,  was  of 
the  nature  of  a  stratum  or  bed  with  a  limestone  roof  and  limestone  floor, 
the  strata  lying  in  the  manner  shown  in  Plate  XXXIX.,  Fig.  1.  At  this 
place  the  dip  of  the  hematite  bed  was  S.  44  W.,  at  the  rate  of  about  1  in 
2  on  an  average,  and  between  the  outcrop  of  the  ore  and  sand  above  was 
a  bed  of  what  is  termed  "  pindle  "  or  "  pinel,"  of  irregular  thickness  up 
to  3  feet,  and  consisting  of  a  mixture  of  earth  and  stones.  The  Pit  D 
was  45  yards  in  depth,  and  the  drift  across  the  bed  from  A  to  B  was 
45  yards.  At  E,  situated  100  yards  from  it,  a  borehole  was  put  down, 
which  proved  the  ore,  at  80  yards  in  depth,  to  be  7  feet  thick,  with  a 
limestone  roof  and  a  limestone  floor.      Differing  from  the  above  are 
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deposits  of  hematite  such  as  arc  seen  at  Mousell  in  Burness.     Several  of 
these  deposits  have  been  proved,  and  that  now  being  worked  is  brought 
along  a  drift  70  yards  long  in  limestone  to  a  shaft,  also  in  Limestone,  85 
yards  in  depth.     Here  the  bottom  of  the  "pocket"  has  not  been  reached. 
By  the  working  of  the  ore  out  of  such  pockets  on  Linda)  Moor,  the 
surface  has  subsided  in  some  places  nearly  100  feet,  the  width  of  the  ore 
varying  from  3  feet  to  40  or  50  yards.     In  working  these  "sops"  or 
"  pockets,"  small  shafts  are  sunk  in  the  body  of  the  ore,  and  levels  driven 
in  it  about  9  feet  in  height,  the  superincumbent  strata  being  temporarily 
supported  by  timbering.    The  props  decay,  and  the  overlying  strata  break 
down.      The  shafts  are  *  then  deepened,  and  other  levels  driven  until 
the  ore  is  wTorked  out.      Hematite  is  also  worked  in  the  Forest  of 
Dean,  where  it  seems  to  lie  in  pockets  more  or  less  connected  with  each 
other,  and  forming  an  extremely  irregular  stratum.     One  of  these  series 
is  found  in  the  Millstone  Grit  and  another  in  the  Carboniferous  Lime- 
stone, as  shewn  in  Plate  XXXIX.,  Fig.  2.     The  ironstone  here,  particu- 
larly in  the  limestone,  seems  to  be  continuous  in  a  series  of  "  pockets," 
locally  named  "  churns,"  in  the  whole  of  the  formations  in  which  they 
are  found.    They  have  not  been  worked  under  the  trough  of  the  basin 
of  the  Forest  of  Dean,  but  having  been  found  under  similar  conditions 
on  opposite  outcrops  of  the  basin,  the  inference  is  fair  that  they  will  be 
found  there.     Experiences  in  Cumberland  seem  to  lead  to  a  different 
conclusion  so  far,  but  perhaps  further  investigation  may  alter  present 
views.     At  Acton,  in  Gloucestershire  ("  Iron  Acton,"  as  it  is  called),  a 
hematite,  really  a  brown  hematite,  is  worked  in  a  semistratum  in  the 
Millstone  Grit.     He  had  seen  this  ore,  which  was  of  fine  quality,  and 
mentioned  it  now  as  being  somewhat  parallel  in  position  to  the  sandstone 
vein  of  the  Forest  of  Dean,  and  as  having  been  found,  when  worked  at 
a  considerable  depth,  to  have  changed  into  white  carbonate  or  spathose 
iron  ore.    This  leads  to  the  conclusion  that  the  original  form  of  the 
deposit  was  not  improbably  that  of  white  carbonate  subsequently  altered 
to  that  of  hematite  or  peroxide  by  the  action  of  atmospheric  influence. 
That  such  a  change  can  take  place  is  abundantly  proved.     The  greenish 
iron  ore  of  Westbury,  in  Wilts  is,  towards  the  outcrop,  a  brownish  red ; 
and  the  naturally  greenish-blue  ore  of  Cleveland,  when  exposed,  becomes 
red  also.     He  wished  he  could  have  given  some  particulars  about  the 
state  of  the  hematites  at  Brendon,  iu  North  Somersetshire,  where  the 
iron  ore  is  very  much  in  the  condition  described  by  Mr.  Kendall  in  Plate 
XXVIL,  and  in  Fig.  2  of  Plate  XXII.,  but  the  change  here  from  hematite 
to  white  carbonate  takes  place  at  about  50  fathoms  from  the  surface- 
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Generally,  brown  hematite  has  been  found  near  the  surface  on  the  Bren- 
don  Hills,  rarely  white,  though  sometimes  this  has  occurred ;  but  the 
brown  has  invariably,  at  the  depth  of  100  yards  from  the  surface,  become 
white  carbonate.  The  lodes,  as  white  carbonate,  gradually  become  less 
in  width  as  depth  increases,  until,  at  Raleigh's  Cross,  both  sides  of  the 
lode  come  together,  and  the  mine  has  been  abandoned.  The  white  car- 
bonate contains  about  13  per  cent,  of  manganese  and  34  of  iron;  the 
brown  hematite  about  8  per  cent,  of  manganese  and  45  of  iron. 

Mr.  Gr.  B.  Forster  said,  in  reference  to  the  specimens  of  Whitehaven 
sandstone  which  Mr.  Kendall  had  brought,  he  was  pretty  well  acquainted 
with  this  sandstone,  and  had  recognised  the  same  characteristics  in  the 
stone  of  the  walls  near  Tynemouth  Castle  gate  ;  but  whether  this  particular 
sandstone  ran  over  and  was  conformable  to  the  coal-measures  here  or  not, 
Mr.  Kendall  was  perfectly  right  in  stating  that  it  did  not  do  so  in  Cum- 
berland; and  this  was  distinctly  proved  by  its  immediately  overlying 
different  seams.  He  had  no  doubt  this  Whitehaven  sandstone  was 
equivalent  to  the  sandstone  immediately  above  the  coal  measures  in  this 
district. 

Mr.  Marley  asked  if  Mr.  Forster  thought  it  was  part  of  the  coal 
formation  proper. 

Mr.  Forster — It  is  not  conformable  to  the  coal  formation  proper. 

Mr.  A.  L.  Steavenson  thought  all  must  agree  with  the  remarks  of 
the  President  as  to  the  value  of  the  paper,  and  the  care  the  author  had 
taken  to  make  it  complete.  With  regard  to  the  first  part,  it  was  intro- 
ductory :  the  second,  which  defined  the  position,  formation,  and  inner 
nature  of  the  deposits,  he  thought  was  especially  valuable ;  but  probably 
the  third  part,  which  touched  on  the  age  of  the  deposits,  might  be  a  little 
open  to  controversy;  while  the  latter  portion,  which  treated  of  the  origin 
of  the  deposits,  he  must  say  he  was  inclined  to  consider  as  incon- 
clusive. As  he  (Mr.  Steavenson)  understood  Mr.  Kendall,  that  gentleman 
considered  that  there  had  been  a  species  of  transformation,  and  that 
what  was  originally  lime  had  latterly  become  hematite.  The  gist  of  Mr. 
Kendall's  argument  seems  to  be  contained  in  the  following  quotation 
from  page  148: — "It  is  known  that  when  certain  material  elements,  or 
certain  combinations  of  those  elements,  are  brought  into  contact  under 
certain  conditions  there  takes  place  between  them  a  chemical  reaction. 
For  instance,  if  a  piece  of  chalk  is  dropped  into  a  solution  of  perchloride 
of  iron,  there  at  once  sets  in  a  reaction  between  them;  part  of  the  chalk 
is  dissolved,  and  a  red  precipitate  thrown  down  in  its  place.  In  time  the 
chalk  would  disappear  altogether,  and  nothing  be  left  but  this  red  pre- 
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cipitatc.  Now,  that  seems  to  be  the  process  by  which  the  hematite 
deposits  were  produced.  The  limestone,  the  slate,  and  the  granite  were 
each  attacked  like  the  chalk  in  the  above  experiment  by  a  solution  of 
iron,  by  which  parts  of  them  were  removed  and  peroxide  of  iron  thrown 
down  in  place  thereof."  Now,  he  could  not  help  observing  that  when 
all  the  different  formations  in  which,  according  to  Mr.  Kendall's  own 
account,  this  hematite  is  found,  came  to  be  considered — first,  the  granite, 
next  the  Skiddaw  slate,  then  the  Borrowdale  series,  together  with  the 
Ooniston  series,  the  Carboniferous  Limestone,  the  Millstone  Grit,  and 
the  coal-measures,  he  must  say  that  it  was  very  difficult  to  believe  that 
such  a  chemical  reaction  could  take  place  equally  between  all  the  rocks. 
He  could  quite  imagine  that  in  the  case  of  the  limestone  it  might  occur, 
but  with  such  rocks  as  granite  it  might  well  be  asked  how  such  a  change 
could  be  produced ;  and  he  saw  very  great  difficulty  in  accepting  the 
solution  proposed.  In  several  papers  by  such  great  authorities  as  Sir 
Roderick  Murchison,  Professor  Newberry,  Professor  Harkness,  Mr.  David 
Forbes,  and  others,  which  had  been  reviewed  by  Mr.  Kendall,  many 
sources  of  origin  were  alluded  to,  but  the  process  of  formation 
indicated  by  Mr.  Kendall  had  been  alluded  to  by  none  of  them ;  and  this 
was  to  some  extent  prima  facie  evidence  that  such  a  supposition  as  to 
origin  could  not  be  altogether  supported.  Then,  again,  it  was  a  rather 
curious  fact  that  there  are  so  many  different  kinds  of  ore.  If  red  hematite 
can  be  created  by  such  a  transformation — and  he  thought  that  word  met 
the  case  best — how  was  the  fact  accounted  for  that  it  sometimes  took  the 
form  of  kidney  ore,  and  sometimes  that  of  brown  hematite  ?  Again,  in 
page  152,  we  were  told  by  Mr.  Kendall  with  respect  to  the  source  of  the 
ore,  "  that  it  was  primarily  volcanic  would  be  admitted  without  hesitation." 
How  could  this  be  reconciled  with  the  transformation  theory  ?  He  was 
obliged,  after  a  careful  study  of  the  paper,  to  confess  that  he  could  not 
follow  the  writer,  and  that  he  did  not  consider  the  question  had  been 
satisfactorily  solved.  It  rather  curiously  happened  that  in  December, 
1878,  the  very  month  and  year  in  which  this  paper  was  written,  there 
had  been  a  paper  contributed  to  the  Revue  Universelle,  by  an  eminent 
Frenchman,  who,  in  speaking  of  some  hematite  deposits  in  Spain,  said,* 
"We  think  there  can  be  no  doubt  that  these  minerals  have  been  deposited 
by  hot  inundations  during  the  cretaceous  periods.  These  inundations, 
strongly  charged  with  carbonate  of  iron,  have  filled  all  the  cavities  of  the 

*  Vol.  IV.,  Number  3 ;    November  and  December,  1878. 


224  DISCUSSION — HEMATITE  DEPOSITS  OF  WEST  CUMBERLAND. 

lime,  and  the  mineral  contained  therein  has  formed  deposits  taking  the  form 
of  the  existing  cavities."  Then  he  gives  two  theories : — "  As  we  have  said 
above,  different  hypotheses  have  been  hazarded  as  to  the  configuration  and 
formation  of  these  deposits.  First,  we  must  admit  that  the  bulk  of  the  red 
ore  at  first  formed  part  of  a  horizontal  bed,  covered  afterwards  by  the 
psammites  (=arenaceous  shales  and  shaly  sandstones = grey  beds)  [strati- 
fied shales]  and  the  limestones  of  the  chalk  formation.  This  bed  had  been 
thrown  up,  and  by  these  movements  of  the  soil  had  given  birth  to  the  moun- 
tains ;  then  the  fissures  which  took  place  after  this  upheaval  allowed  the 
passage  upwards  of  those  heated  inundations  which  produced  the  cap  of 
brown  hematite.  By  this  hypothesis,  the  ore  would  not  be  found  to  extend 
greatly  in  depth,  but  would  be  found  under  the  schists  and  calcaires 
which  form  the  sides  and  beds  of  the  valleys."  According  to  another 
theory  propounded  in  the  same  article,  it  has  been  thought  that  after  the 
psammites,  gres  and  calcaires  cenomanians  were  deposited  in  horizontal 
beds,  these  sedimentary  deposits  had  been  raised  with  violence,  accom- 
panied with  the  formation  of  vast  crevices  into  which  were  poured  the  hot 
water  inundations  proceeding  from  central  fissures  containing  the  metal, 
and  that  these  fissures  and  the  subsequent  cooling  of  the  water  had 
formed  the  deposits  of  ore.  The  paper  he  had  referred  to  was  on  the 
Mines  of  Somorrostro,  in  Spain  ;  and  the  writer  gave  geological  notes  on 
the  subject,  at  page  6 GO,  which  clearly  disagreed  with  the  views  pro- 
pounded by  Mr.  Kendall.  He  (Mr.  Steavenson)  would  be  very  glad  if 
the  theory  mentioned  by  Mr.  Kendall  should  lead  to  some  comprehension 
of  this  rather  difficult  subject.  He  thought,  however,  that  the  value  of 
the  hematites  in  the  past  would  be  somewhat  diminished  by  the  later 
development  of  the  Cleveland  steel  question. 

Mr.  T.  J.  Bewick  said,  he  wished  to  add  his  meed  of  praise  to  that 
already  bestowed  by  the  President  upon  this  really  valuable  paper ;  for 
whether  or  not  the  theories  propounded  by  Mr.  Kendall  were  correct,  the 
paper  was  certainly,  he  thought,  a  most  valuable  contribution  to  their  Tran- 
sactions, and  one  which  might,  if  it  did  nothing  further,  open  the  door  to 
a  solution  of  the  phenomena  described.  He  (Mr.  B.)  was  ready  to  admit 
that  the  more  he  saw  of  the  deposits  of  hematite  in  Cumberland,  North 
Lancashire,  and  other  places,  the  more  he  was  puzzled  to  account  for 
them  in  the  varying  positions  and  conditions  in  which  they  were  found. 
He  knew  some  of  the  mines  referred  to  by  Mr.  Kendall,  and  he  also 
knew  something  of  the  North  Lancashire  mines,  which,  although  in 
another  county,  were  simply  a  continuation  southward  of  the  deposits 
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described  in  the  paper.     ITe  had  the  pleasure,  about  a  month  ag 
examining  with  considerable  care  one  of  the  most  remarkable  deposits  in 

North  Lancashire,  at  the  Stank  Mine,  near  Barrow-in-Furness,  where 
there  is,  at  any  rate,  one  very  distinct  vein  or  lode  passing  through  the 
country  with  a  considerable  inclination  or  dip,  and  with,  so  far  as  had  been 
ascertained,  a  large  dislocation,  probably  many  fathoms.  This  mine  is  in 
limestone,  overlaid  by  a  black  shale;  and  the  vein  is  said — he  could  not  speak 
to  this  with  certainty — not  to  penetrate  the  shale,  but  perhaps  Mr.  Kendall, 
who  knew  it  very  well,  wrould  be  able  to  tell  them  whether  it  did  or  not. 
It  bears  a  very  great  similarity  to  an  ordinary  lead  or  copper  vein,  only 
it  is  composed  entirely  of  hematite  iron  ore  of  a  rich  character.  It  is 
being  worked  now  at  a  depth  of  108  fathoms  from  the  surface ;  and  there 
is  no  change  whatever  in  the  character  of  the  ore,  except  that,  perhaps, 
it  is  a  trifle  more  concentrated  or  rich  at  that  depth,  but  there  is  no 
appearance  whatever  of  any  change  from  red  hematite  to  any  other  class 
of  ore.  At  the  side  of  this  vein  are  large  deposits  or  pockets  of  fine 
rich  hematite  in  the  limestone,  and,  so  far  as  he  was  able  to  ascertain, 
without  the  slightest  lead  or  vein  to  show  that  they  were  in  connection 
with  any  such  geological  characteristic.  The  limestone  seemed  simply 
to  have  been  replaced  by  hematite,  and  the  whole  of  the  roof  and  sides, 
so  far  as  had  been  proved  by  the  workings,  was  nothing  but  limestone 
without  anything  to  account  for  the  ore  being  there;  and  he  confessed 
that  he  could  not  reconcile  these  appearances  with  any  theory  he  knew 
of.  "With  reference  to  the  deposits  in  the  Forest  of  Dean  which  had 
been  alluded  to  by  the  President,  and  some  of  those  in  Cornwall  which  he 
had  seen,  they  were  all  more  or  less  of  a  different  character  to  those  in 
"West  Cumberland  and  North  Lancashire.  Those  in  Cornwall  were  simply 
veins  pure  and  simple  in  the  surrounding  strata.  There  was  nothing 
known  there  of  great  pockets  in  the  rock.  On  the  other  hand,  the 
ores  in  the  Forest  of  Dean,  the  President  correctly  described  them  as 
being  without  any  indication  of  veins.  There  were  some  veins  described 
in  the  paper  which  he  thought  were  very  similar  to  those  in  Cornwall.  For 
example,  those  in  the  Skicldaw  slates.  The  same  remark  applied  to  others  at 
Boot,  in  Eskdale.  He  had  been  in  that  mine,  and  there  the  deposit  was, 
as  he  had  already  described,  a  vein  pure  and  simple,  whereas  the  deposits 
in  the  limestone  were  not,  excepting  perhaps  in  the  case  of  the  Stank, 
the  Lindal  Moor,  and  it  might  be  some  others,  where  the  ore  was  worked 
in  distinct  veins,  although,  in  addition  to  these  veins,  there  were  large 
masses  of  hematite  found  in  the  limestone.     There  was  one  very  peculiar 
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deposit,  which  he  remembered  seeing  a  few  years  ago,  in  North  Lanca- 
shire, close  to  Lindal  Moor,  in  the  shape  of  a  large  mass  of  fine 
hematite,  without  any  rock  whatever  to  be  seen  about  it,  neither  over 
nor  surrounding  it.  Mr.  Kendall  told  him  it  eventually  was  found 
to  rest  upon  clay  slate ;  but  when  he  (Mr.  B.)  saw  it,  it  was  simply  an 
enormous  mass  of  fine  hematite  ore  surrounded  by  gravel.  He  would 
ask  Mr.  Kendall  if  he  would  explain  this.  It  seemed  to  him  (Mr.  B.) 
almost  unaccountable  that,  where  the  limestone  there  rests  upon  clay 
slate,  this  curious  mass  should  be  found  beyond  the  limestone  in  this 
extraordinary  manner.  In  other  places,  in  similar  formations,  attempts 
had  been  made,  and  very  expensive  attempts,  to  find  hematite.  It  had 
been  found  in  very  limited  quantities  only,  never,  he  thought,  in  suf- 
ficient abundance  to  prove  commercially  successful.  In  the  neighbourhood 
of  Penrith,  large  sums  of  money  had  been  spent  in  borings.  The  Tran- 
sactions of  the  Institute  were,  by  this  paper,  already  very  consider- 
ably enriched,  and  he  (Mr.  B.)  would  suggest  that  Mr.  Kendall  be 
invited  to  further  extend  what  he  had  done  for  them  by  adding  to  this 
paper  another  on  the  North  Lancashire  deposits,  upon  which  he  was 
equally  well  informed,  and  which  he  (Mr.  B.)  thought  would  make  a 
valuable  addition  to  the  available  references  on  this  important  subject. 
On  page  109  the  question,  as  Mr.  Kendall  put  it,  was — How  did  the 
deposits  originate  ?  What  is  their  age  ?  And  where  are  they  to  be 
found  ?  Mr.  Kendall  said  that  question  remained  unanswered,  and  he 
(Mr.  B.)  quite  agreed  with  him.  They  had  yet  a  great  deal  to  learn 
before  they  would  be  able  to  answer  these  questions  with  satisfaction. 

Mr.  E.  F.  Boyd  said,  he  might  be  permitted  to  add  his  testimony  to 
the  value  of  this  paper.  The  aim  and  intention  of  all  geological  study 
and  research  was  to  ensure  the  success  of  mining  operations,  and  prevent 
labour  and  capital  from  being  wastefully  expended,  and  in  this  sense  he 
felt  sure  that  Mr.  Kendall's  paper  would  prove  of  immense  service  to  the 
members.  Mr.  Bewick  had  said,  and  very  truly,  that  great  explorations 
and  great  expense  had  been  undergone  in  various  places ;  and  possibly 
if  this  paper  was  thoroughly  investigated,  and  if  the  origin  of  the 
material  and  the  cause  by  which  it  was  deposited  were  clearly  ascer- 
tained, a  great  amount  of  expense  in  that  direction  might  hereafter  be 
avoided.  Before  he  gave  his  own  opinion  as  to  these  deposits,  he  would 
ask  Mr.  Kendall  if  in  any  part  of  these  deposits  any  stratified  vegetable 
remains  were  found  ? 

Mr.  Kendall — None  whatever. 
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Mr.  Boyd  said,  he  had  asked  that  question  because  an  answer  in  the 

affirmative  would  have  considerably  shaken  his  confidence  in  bhe  conclu- 
sion he  had  arrived  at.  He  might  be  quite  wrong,  but  he  gave  them  his 
opinion  for  what  it  was  worth,  and  his  opinion  was  that  the  deposits  were 
of  volcanic  origin — plutonic  origin — and  that  the  cracks  in  the  strata 
were  the  centres,  or  the  conducting  points,  by  which  the  communication 
was  effected  with  the  central  heat  of  the  earth ;  and  that  their  variety, 
perpendicularly  or  horizontally,  is  varied  entirely  by  the  nature,  position, 
and  size  of  the  fissures,  the  more  or  less  rapid  cooling  of  the  injected 
matter,  and  all  the  varied  circumstances  connected  with  the  unequal  heat, 
expansion,  electric  tension,  and  mechanical  forces  which  would  all  play  an 
important  part  in  the  cooling  of  such  varied  masses  so  irregularly  con- 
nected together  ;  added  to  these  important  causes  of  difference,  there  are 
those  due  to  the  various  rocks  through  which  the  molten  mass  has  passed; 
even  the  Permian,  the  granite,  and  the  most  ancient  rocks  known,  have  been 
and  are  still  subject  to  these  actions,  and  deposits  of  hematite  are  found  in 
every  one  of  them.  There  was  a  very  ingenious  paper  read  by  Mr.  John 
Leithart,  "  On  the  Origin  of  Mineral  Veins,"  at  the  meeting  of  the  British 
Association  in  the  year  1838.  Professor  Sedgwick,  Mr.  Buckland,  Mr. 
Buddie,  and  a  great  number  of  our  own  local  gentlemen  were  present 
when  the  paper  wras  read,  which  was  a  very  ingenious  attempt  to  account 
for  the  deposition  of  mineral  matter  in  veins  by  the  action  of  electricity. 
The  author  of  this  paper  remarks  "  that  many  other  substances  besides 
metals  would,  when  piled  in  alternate  layers,  develop  electrical  action, 
and  became  impressed  with  the  opinion  that  the  stratified  rocks  might 
be  likened  to  a  galvanic  battery,  and  that  the  peculiar  appearances 
above  noticed  might  receive  an  explanation  upon  this  supposition 
provided  there  was  a  communication  across  the  enormous  'pile'  of 
rock.  Such  a  communication  is  made,  the  author  thinks,  by  mineral 
veins."  Now,  this  rather  corroborated  his  idea  that  the  deposits  of 
hematite  were  caused  by  the  same  action.  There  was  no  reason  why  both 
electrical  and  chemical  action  should  not  both  be  going  on  at  the  same 
time.  That  electricity  is  in  action  when  plutonic  action  is  going  on 
there  seems  to  be  no  doubt ;  and  he  was  by  no  means  prepared  to  deny 
the  agency  of  chemistry,  especially  as  it  was  found  that  limestone  has  a 
greater  attraction  for  the  ore  than  any  other  strata,  and  not  at  all  in 
opposition  to  the  principle  of  plutonic  action,  which,  in  fact,  it  might 
assist  in  developing  or  modifying.  It  was  clearly  seen  in  Northumber- 
land that  plutonic  matter  could  be  laid  out  so  as  to  appear  stratified,  for 
the  Great  Whin  Sill  looks  to  an  ordinary  observer  as  a  stratified  rock 
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occurring  between  the  limestones  and  the  shales  above  it,  and  the  lime- 
stones and  the  shales  beneath  it.  There  are  90  feet  of  plutonic  matter 
between  the  two,  and  it  is  perfectly  conformable  with  the  ordinary  dip  of 
the  rest  of  the  strata.  But  everybody  admits  that,  notwithstanding  this, 
it  is  plutonic — that  it  was  protruded  through  the  beds.  He  believed  they 
had  had  that  question  very  fully  discussed  by  Mr.  Lebour  and  other 
gentlemen,  including  Professor  Sedgwick  and  Professor  Buckland,  who 
were  all  convinced  as  to  this  theory;  and  this  view  of  the  subject  had 
been  very  much  strengthened  by  Mr.  Lebour  in  his  paper  "  On  the  '  Great' 
and  'Four-Fathom'  Limestones  in  South  Northumberland,"  Vol.  XXIV., 
page  140,  and  Plate  XXXIII. ,  describing  the  section  of  a  quarry  belong- 
ing to  Sir  Walter  Trevelyan,  who  was  kind  enough  to  take  him  (Mr.  Boyd) 
to  inspect  it  from  time  to  time  as  the  quarry  workings  further  developed 
it,  where  the  limestone  overlying  the  top  of  the  Whin  Sill  is  permeated  in 
many  of  its  horizontal  and  vertical  fissures  by  the  plutonic  matter.  Mr. 
Jos.  Bewick,  in  1857,  wrote  a  paper  "On  the  Ore  and  Ironstone  of 
Bosedale  Abbey."  In  that  paper  it  was  distinctly  stated,  as  the  opinion 
of  the  author,  that  the  magnetic  deposit  described  was  nothing  more  than 
a  gigantic  plutonic  dyke,  intruded  after  the  deposition  of  the  surrounding 
strata,  which  contained  remains  of  sigillaria  and  stigmaria.  But  this 
theory  of  its  plutonic  origin  was  afterwards  seriously  interfered  with,  when, 
in  the  further  working  of  the  magnetic  deposit,  the  sigillaria  and  stigmaria 
again  appeared  in  the  horizontal  layers. 

Mr.  Kendall — There  are  animal  remains  in  the  hematite  deposits, 
but  not  vegetable. 

Mr.  Boyd  said,  that  was  remarkable,  and  certainly  was  an  argument 
against  his  theory ;  he  was  not  aware  of  that  fact  before. 

Mr.  G.  A.  Lebour  remarked,  that  it  always  had  struck  him  that  each 
writer  and  each  speaker  on  this  subject  seemed  to  favour  the  idea  that 
there  must  have  been  one  universal  cause  for  the  formation  of  these 
hematite  deposits.  Now,  one  did  not  always  see  why  the  deposits  which 
are  found  sometimes  in  pockets  and  sometimes  as  veins,  and  sometimes 
again  in  faults,  or  as  true  beds  of  hematite,  should  not  be  due  to  different 
modes  of  action.  Nature  does  not  always  do  the  same  thing  in  exactly 
the  same  way.  Several  varying  theories  might  be  perfectly  true,  each 
indicating  the  formation  of  some  of  the  various  deposits ;  for  each  deposit, 
or  at  all  events  each  set  of  deposits,  might  have  a  peculiar  origin  of  its 
own,  and  it  struck  him  that  the  argument  for  or  against  any  one  particular 
theory  should  not  be  pressed  as  applicable  to  all  classes  of  deposits  in  all 
districts,  but  simply  as  applicable  to  some  one  locality  or  to  some  one  form 
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of  deposit;  and  he  could  not  help  thinking  that  the  facts  which  Mr.  Kendall 
had  brought  out  in  his  admirable  paper,  bended  very  much  to  show  that 
there  might  have  been  a  variety  of  causes  for  the  deposition  of  hematite, 

and  that  one  theory  alone  would  not  account  for  the  whole.  He  had  been 
particularly  glad  to  see  that  Mr.  Kendall  himself  unconsciously  favoured 
the  idea  of  variety  in  the  modes  of  deposition,  insomuch  that  he  some 
years  ago,  in  an  equally  valuable  paper,  favoured  a  view  somewhat  different 
to  the  one  which  he  brought  forward  in  his  present  paper.  But  he  (Mr. 
Lebour)  thought  that  the  fact  that  one  so  competent  should  have  had 
two  theories  on  the  subject  was,  to  a  certain  extent,  an  admission  that 
there  might  be  more  than  one  special  cause  in  bringing  about  these 
deposits,  and  that,  whether  they  be  attributable  to  electricity,  as  Mr. 
Boyd  thought,  or  whether  they  had  been  deposited  from  water  or  caused 
by  igneous  action,  or  whether  all  or  several  of  these  agencies  might  not 
have  contributed  to  them  in  varying  proportions  in  different  localities,  it 
would  at  present  be  difficult  to  determine. 

Mr.  Wm.  Cochrane  said,  he  would  like  to  ask  Mr.  Bewick  whether 
the  deposit  of  ore  coming  off  the  vein  was  of  similar  character  to  that 
found  in  the  "  flats "  of  the  lead  mines ;  and  whether  the  limestone  in 
contact  with  the  deposit  presented  the  appearance  of  having  been  im- 
pregnated with  the  intruding  substances  '< 

Mr.  Bewick  said,  that  with  regard  to  Mr.  Cochrane's  second  question, 
there  was  nothing  to  lead  him  to  suppose  that  the  iron  ore  found  on 
the  edges  of  these  large  deposits  had  been  limestone  altered  by  any  circum- 
stance whatever.  Sometimes  in  the  middle  of  a  mass  of  iron  ore  a  large 
irregular  shaped  piece  of  limestone  might  be  found  not  connected  with 
the  other  part  of  the  limestone,  but  simply  a  large  boulder  of  limestone 
in  the  heart  of  the  iron  ore.  With  regard  to  the  first  question,  so  far  as 
the  quality  was  concerned  he  did  not  know  that  there  was  any  difference, 
but  if  there  was,  he  thought  there  was  more  of  the  soft  iron  ore  in  the 
pockets  and  of  the  hard  ore  in  the  veins. 

The  President  said,  that  in  the  brown  hematite  in  the  Forest  of 
Dean  in  some  places  there  was  ahnost  as  much  limestone  as  hematite  in 
the  same  pocket. 

Mr.  Bewick — Yes  ;  and  he  did  not  think  the  Cumberland  iron  ore 
could  be  compared  with  that  found  in  the  Forest  of  Dean,  which  was 
considerably  more  stratified  than  the  former. 

Mr.  Marley  said,  he  had  not  read  sufficient  of  Mr.  Kendall's  paper 
to  do  justice  to  it.  He  was  very  glad,  however,  that  they  had  got  a 
pioneer   paper   upon   hematites.      Mr.    Bewick   and   himself  had  often 
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endeavoured  to  get  gentlemen  to  write  a  paper  upon  the  subject.  He 
had  proposed,  like  the  President,  to  call  attention  to  what  the  writer  said 
on  pages  115  and  116  as  to  the  nonconforrnability  of  two  beds  of  the 
the  same  coal-field.  He  agreed  with  the  President  that  they  were  not 
portions  of  the  same  coal-field,  aud  he  was  quite  convinced  that  the  upper 
bed  did  not  belong  to  the  coal  formation  proper.  He  had  had  a  good  deal 
of  experience  in  the  Cumberland  hematite  mines,  and  the  more  he  had  had 
to  do  with  them,  and  also  with  the  mines  in  Lancashire  and  in  Scotland,  and 
in  one  single  instance  in  Dalmatia,  the  more  was  he  convinced  that  no  one 
as  yet  had  perfectly  penetrated  the  mystery  of  the  formation  of  the  deposits; 
and  he  thought,  that  having  now  got  one  paper  upon  the  subject,  perhaps 
other  gentlemen  would  follow  the  example  which  had  been  set  by  their 
President  and  jot  down  a  few  notes  giving  the  opinion  each  had  formed 
from  his  own  experience.  He  thought  they  would  be  able  to  understand 
a  good  deal  better  as  to  what  might  be  the  cause  of  the  deposits  if  they 
would  divide  the  inquiry  into  two  parts,  and  consider  not  only  what  was 
the  cause  of  the  hematite  ore,  but  also  what  was  the  cause  of  the  cavities 
in  which  the  ore  has  been  deposited.  As  to  the  "Magnetic  Iron  Ore  of 
Rosedale  Abbey,"  alluded  to  by  Mr.  Boyd  as  being  a  plutonic  dyke,  he 
would  refer  to  his  paper  thereon  in  Yol.  XIX.  of  these  Transactions,  in 
which  that  gentleman  drew  opposite  conclusions. 

Mr.  Kendall  said,  with  reference  to  the  remarks  made  by  the  Presi- 
dent and  Mr.  Marley  as  to  the  unconformability  of  the  upper  part  of  the 
Whitehaven  coal-field,  he  thought  the  facts  brought  forward  in  the  paper 
were  sufficient  to  show  that  there  was  such  unconformity;  and  as  to  its 
forming  part  of  the  coal-measures,  he  might  state  what  he  had  not  stated 
in  the  paper,  namely,  that  at  one  part  of  the  field  there  has  been  a  seam 
of  coal  worked  in  it ;  also,  that  the  organic  remains  which  had  been  found 
in  it  are  coal-measure  forms,  and  he  might  say,  it  was  the  opinion  of  the 
geological  surveyors  now  in  this  district,  who,  after  having  gone  over 
the  whole  district — over  a  much  larger  area  than  he  himself  had  had 
the  opportunity  of  going  over — were  of  opinion  that  it  was  a  portion 
of  the  coal-measures.  Neither  the  President  nor  Mr.  Marley  state  their 
reasons  for  holding  the  opinion  that  the  Whitehaven  sandstone  does  not 
belong  to  the  coal-measures,  so  that  he  was  left  to  guess  it.  The  only 
reason  that  he  could  think  of  as  likely  to  weigh  with  them  is  the  unconfor- 
mability of  those  rocks  to  the  coal-measures  proper.  But  if  unconforma- 
bility is  a  sufficient  reason  for  not  classing  the  Whitehaven  sandstone  with 
the  coal-measures,  it  is  also  a  sufficient  reason  why  we  should  not  look  upon 
that  rock  as  Permian,  for  it  must  not  be  forgotten  that  the  Whitehaven 
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sandstone  is  unconformable  to  the  overlying  Pcrmians  as  well  Bfl  bo  the 
underlying  coal-measures.  Were  it  necessary,  he  might  adduce  a  number  of 
authorities  in  support  of  the  coal-measure  age  of  these  rocks,  but  it,  is 
perhaps  best  in  this,  as  in  most  other  cases,  to  rely  rather  upon  fact  and 
argument. 

As  to  the  remarks  of  Mr.  Steavenson,  he  was  scarcely  able  to  say  much, 
because  so  far  as  he  understood,  Mr.  Steavenson  simply  said  that  he  did 
did  not  believe  that  his  (Mr.  Kendall's)  explanation  was  competent  to  ex- 
plain the  facts.  Mr.  Steavenson  did  not  disprove  it,  for  he  did  not  bring 
forward  either  facts  or  arguments  on  the  opposite  side,  but  rested  on  an 
unsupported  assertion.  The  pith  of  the  paper  was  in  the  attempt  to  prove 
that  the  ore  had  been  formed  by  replacement,  and  he  thought  the  number 
of  facts  which  had  been  brought  forward  in  reference  to  the  deposits  were 
sufficient  to  convince  any  one  that  this  must  have  been  the  case,  whether 
the  iron  by  which  the  replacement  was  effected  was  in  the  form  of  a 
chloride  or  a  carbonate.  Mr.  Steavenson  appeared  to  be  labouring  under  a 
misapprehension  in  calling  the  process  a  transformation.  It  is  not  a  trans- 
formation at  all,  but  simply  the  removal  of  one  substance  and  putting  another 
and  altogether  different  substance  in  its  place.  That  the  ore  was  formed  by 
replacement  is  a  deduction  from  geological  premises,  which,  he  submitted,  in 
the  case  of  the  deposits  in  the  limestone  is  perfectly  conclusive  and  logical. 
In  the  other  deposits  the  evidence  of  such  a  mode  of  origin  is  of  a  different 
kind,  but  still,  he  thought,  quite  as  conclusive.  A  fact  not  stated  in  his 
paper,  but  which  he  had  often  observed  at  Boot  and  Kelton  Fell,  is  the 
occurrence  in  the  ore  of  large  lenticular  and  flag-like  masses  of  country 
rock,  which  have  no  connection  whatever  with  the  "cheeks"  of  the  lode, 
but  yet  have  the  same  "hade"  as  the  lode,  in  fact,  are  parallel  to  the 
cheeks.  Now,  if  these  pieces  had  fallen  from  the  "cheeks"  as  the  ore  was 
being  deposited  in  a  fissure,  they  surely,  at  any  rate  many  of  them,  would 
have  fallen  on  their  side,  for  most  of  them  are  of  such  a  size  that  they 
could  lie  crosswise  in  the  vein.  Then  again,  a  specimen  on  the  table,  and 
figured  on  Plate  XXIII.,  Fig.  4,  was  very  peculiar  too ;  in  a  matrix  of 
hematite  there  are  pieces  of  slate  which  send  out  very  fine  threads  into  the 
ore  (these  threads  are  not  shown  in  Fig.  4 )  such  as  could  not  possibly  have 
appeared  if  these  pieces  of  slate  had  been  fragments  which  had  dropped 
from  the  cheeks  during  the  formation  of  a  sedimentary  deposit.  These 
facts,  along  with  those  previously  mentioned  of  a  geological  nature,  are 
such  that  Mr.  Steavenson's  chemical  difficulties  must  give  way.  What  Mr. 
Steavenson  has  to  do  before  he  is  satisfied  to  believe  that  the  ore  was  not 
deposited  by  a  process  of  replacement,  is  to  show  that  the  facts  which  he  had 
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brought  forward  are  unreliable,  or  that  the  arguments  based  on  them  are 
illogical.  It  seems  necessary  to  point  out  to  Mr.  Steavenson  that  he  has 
missed  the  main  point  in  the  paper  in  not  seeing  that  the  replacement 
process  is  arrived  at  by  a  species  of  induction  from  geological  facts,  and  is 
altogether  independent  of  chemical  considerations.  As  to  the  manner  in 
which  the  replacement  was  effected,  and  the  form  of  the  iron  effecting 
it,  he  only  stated  his  opinion.  He  agreed  with  Mr.  Steavenson  that  there 
is  a  difficulty  in  seeing  how  any  solution  of  iron  could  replace  granite 
and  slate,  but  he  had  before  him  a  specimen  which  came  from  the  Boot  de- 
posit, which  he  thought  threw  very  considerable  light  on  how  the  replace- 
ment might  have  been  effected.  A  part  of  this  specimen  was  limestone, 
and  this  limestone  blended  off  in  one  direction  into  granite,  and  in  the 
other  into  hematite.  Now,  if  it  were  supposed  that  the  hematite  of  the 
veins  in  the  granite  and  slate  were  preceded  by  limestone,  much  of  Mr. 
Steavenson's  difficulty  would  disappear.  How  the  limestone  got  there  is 
another  question  which  he  had  not  attempted  to  answer,  but  it  seemed  to 
him  that  it  might  have  been  produced  in  some  such  manner  as  the  following. 
Suppose  the  rocks  to  be  submerged  in  the  sea,  and  that  heated  waters 
containing  carbonate  of  soda  were  rising  from  below  through  the  joints 
in  the  rocks,  the  silica  in  the  walls  of  these  joints  would  be  slowly  dissolved. 
Small  quantities  of  sea  water  would  also  find  its  way  into  the  rocks,  and 
this  coming  into  contact  with  the  ascending  alkaline  waters,  a  reaction 
would  ensue  between  the  carbonate  of  soda  and  the  lime  salts  in  the  sea 
water.  The  result  would  be  a  precipitate  of  carbonate  of  lime,  which  would 
take  the  place  of  the  dissolved  silica.  The  other  minerals  in  the  rocks 
might  have  been  previously  removed  by  decomposition  through  the  influ- 
ence of  hydrochloric  and  carbonic  acids.  Apart  from  such  considerations 
as  these,  however,  there  is  positive  evidence  that  hematite  can  replace 
silicious  rocks  in  some  way  or  other,  for  pseudomorphs  of  hematite  are  found 
after  quartz.  But  even  if  there  was  no  such  evidence,  it  would  be  no  less 
certain  that  the  deposits  were  formed  by  replacement.  What  is  at  present 
known  is  not  necessarily  all  that  can  be  known,  so  that  if  to-day  silicious 
and  aluminous  rocks  cannot  be  replaced  directly  by  a  solution  of  iron, 
it  does  not  follow  that  they  can  never  be  so  replaced,  much  less  that  such 
replacement  is  impossible.  But,  in  view  of  the  fact  presented  by  the 
piece  of  limestone  from  the  Nabgill  vein  in  the  granite,  it  is  not  necessary 
to  suppose  that  the  replacement  of  the  granite  and  slate  by  hematite 
was  effected  directly.  The  authorities  mentioned  by  Mr.  Steavenson  as 
differing  from  him  (Mr.  Kendall)  also  differ  from  one  another. 

Mr.  Steavenson  asks  the  question  :  "  How  was  the  fact  accounted  for 
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that  it  (red  hematite)  sometimes  tools  the  form  ofkidney  ore,  and  sometimes 
that  of  brown  hematite  ?"  That  it  sometimes  takes  the  form  ofkidney 
ore  he  (Mr.  Kendall)  was  aware,  but  he  did  not  know  uhv.  He  had 
seen  a  piece  of  earthy  ore  formed  inside  a  locomotive  boiler  which  was 
partly  massive  and  partly  radiated  and  mammillated,  although  it  had  all 
been  subjected  to  the  same  external  conditions.  He  had  also  noticed, 
in  experimenting  upon  chalk  with  solutions  of  perchloride  of  iron,  that 
the  inner  surface  of  the  precipitated  peroxide  of  iron — that  is  where  it 
joined  the  chalk — had  sometimes  a  mammillated  appearance,  but  not 
always.  The  latter  part  of  Mr.  Steavenson's  question  was  a  puzzle  to  him, 
for  he  had  never  heard  of  red  hematite  (hematite)  occurring  as  brown 
hematite  (limonite).  Mr.  Steavenson  also  asked  how  can  the  assert  ion 
that  the  ore  was  "primarily  volcanic  be  reconciled  with  the  transformation 
theory,"  or,  as  he  Mr.  Kendall  preferred  to  call  it,  the  replacement  process. 
Mr.  Steavenson  evidently  has  not  felt  the  force  of  the  word  primarily. 
He  did  not  say  the  immediate  source  of  the  iron,  for  obviously  that  was 
aqueous,  being  the  solution  which  acted  upon  the  rocks.  He  did  not  see 
what  bearing  the  quotation  from  the  Revue  Universclle  had  upon  the 
question  under  discussion  ;  they  were  not  made  acquainted  with  the  facts 
upon  which  the  conclusions  therein  arrived  at  were  based,  so  that  it 
was  quite  impossible  for  them  to  form  any  idea  of  the  validity  or 
invalidity  of  the  conclusions.  Mr.  Bewick  asked  him  about  the  Stank 
deposit,  whether  it  went  up  into  the  shale.  So  far  as  had  yet  been 
proved,  he  did  not  think  it  did.  The  deposit  at  Martin  occurs  at  the 
edge  of  the  limestone  adjoining  the  slate,  and  the  basin  in  which  it 
lies  is  mainly  in  the  limestone,  but  one  side  of  it  is  formed  by  slate.  At 
the  time  Mr.  Bewick  saw  it  none  of  the  sides  had  been  reached, 
and  it  had  all  the  appearance  of  being  surrounded  entirely  by  drift. 
It  was  very  much  mixed  with  boulder  clay  on  the  upper  part  of  it,  and 
has  evidently  been  much  disturbed.  A  section  of  this  deposit  is  given 
in  his  paper  on  the  hematite  deposits  of  Whitehaven  and  Furness,  already 
referred  to. 

That  the  ore  is  not  directly  volcanic,  as  supposed  by  Mr.  Boyd,  he 
thought  he  had  proved  in  his  paper,  and  he  need  hardly  go  over  the  ground 
again,  for  the  shale  beds  which  run  through  the  deposits  could  never 
have  existed  if  the  ore  had  been  ejected,  as  a  hot  boiling  mass,  from 
below.  He  would  again  refer  to  Plate  XXXI.,  Fig.  1,  where  a  thin  lied 
of  shale  was  shown  running  out  of  the  limestone  and  through  a  mass  of 
hematite.  Now,  if  igneous  matter  had  been  protruded  into  a  cavern, 
this  fragile  bridge  of  shale  could  hardly  have  remained  there.  It  might 
be  said,  of  course,  that  it  was  simply  an  accident  that  the  bed  of  shale 
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in  the  ore  corresponded  with  that  in  the  limestone.  But  this  could 
hardly  be,  because,  as  had  been  shown  in  one  part  of  the  paper,  the  ore 
was  not  deposited  until  the  carboniferous  rocks  were  tilted,  so  that  if 
the  shale  bed  in  the  ore  had  been  deposited  at  the  same  time  as  the  ore, 
although  at  one  or  two  points  there  might  have  been  a  coincidence  between 
the  shale  in  the  ore  and  some  similar  bed  in  the  limestone  so  far  as  level 
went,  still  there  would  at  least  have  been  a  want  of  conformity  in  them, 
but  that  is  not  so  for  they  are  strictly  conformable.  And  then,  of  course, 
Mr.  Boyd  would  have  the  difficulty  of  explaining  the  presence  in  the  ore  of 
the  organic  remains,  the  absence  of  any  disturbance  of  the  surrounding 
rocks,  and  of  any  calcining  effect  upon  them.  He  had  here  a  specimen  of 
hematite  containing  a  number  of  corals  ;  they  were  very  small,  but  great 
numbers  of  them  are  found  in  some  of  the  deposits.  This  brought  him  to 
an  observation  which  was  made  by  Mr.  Boyd,  as  to  the  preference  of 
hematite  deposits  for  limestone.  Now  this,  to  his  (Mr.  Kendall's)  mind, 
was  an  argument  in  favour  of  the  explanation  which  he  was  bringing 
forward,  because  the  limestone  was  much  more  easily  acted  upon  chemically 
than  any  of  those  silicious  or  aluminous  rocks  in  which  the  other  deposits 
occur. 

Mr.  Marley's  suggestion  that  the  inquiry  should  be  divided  into  two 
parts— -first,  as  to  the  cause  of  the  hematite  ore,  second,  as  to  the  cause  of 
the  cavities  in  which  the  ore  has  been  deposited — is  completely  negatived 
by  the  sections  accompanying  the  paper,  for  they  show  clearly  that  the 
ore  was  not  deposited  in  cavities  (it  all,  and  it  is  on  that  conclusion  that  he 
Mr.  Kendall  based  his  explanation  of  replacement. 

With  regard  to  the  so-called  vegetable  remains  mentioned  by  Mr. 
Binney,  he  had,  since  his  paper  was  published,  shown  them  to  Professor 
Williamson,  of  Owen's  College,  who  pronounced  them  not  to  be  plants  at 
all.  He  might  also  state  that,  in  addition  to  the  minerals  mentioned  in 
the  paper  as  occurring  in  association  with  the  hematite,  he  had  also  found 
melanterite  and  turgite,  the  former  at  Crowgarth  and  the  latter  at  Eskett. 
As  to  the  paper  on  the  North  Lancashire  deposits,  it  would  give  him  very 
great  pleasure  indeed  to  supplement  the  preseut  paper  by  a  similar  one  on 
those  deposits. 

The  President  said,  this  had  been  a  most  interesting  subject,  and 
had  raised  a  very  instructive  discussion.  On  the  merits  of  the  various 
theories  propounded  it  was  not  for  him  to  express  any  opinion.  He  must 
leave  the  members  to  draw  their  own  conclusions,  and  he  was  sure  that 
all  present  would  unite  in  thanking  Mr.  Kendall  for  his  kindness  in 
attending. 

The  meeting  then  terminated. 
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ANNUAL  GENERAL  MEETING,  SATURDAY,  AUGUST  2,  1879,  IN  THE 
WOOD  MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


G.  C.  GREENWELL,  Esq.,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  which 
were  confirmed  and  signed,  and  the  proceedings  of  the  Council  meetings 
were  also  read,  together  with  the  reports  of  the  Council  and  of  the 
Finance  Committee,  which  were  all  agreed  to. 

The  following  gentlemen  were  elected  : — 

Associate  Member — 
Mr.  Matthew  Heckels  Douglas,  Whitburn  Colliery,  Sunderland. 

Student — 
Mr.  Samuel  Hare,  Pemberton  Colliery,  Wigan. 

The  following  were  nominated  for  election  at  the  next  meeting : — 

Students— 
Mr.  Edward  Frederic  Bell.  13,  Old  El  vet,  Durham. 
Mr.  Walter  Scott,  Cornsay  Colliery,  Lanchester. 
Mr.  W.  O.  Baumgartner,  East  Hetton  Colliery,  Coxhoe,  Co.  Durham. 
Mr.  W.  J.  S.  Todner,  Elswick  Colliery,  Newcastle-on-Tyne. 

Mr.  J.  G.  Weeks,  Mr.  T.  Heppell,  Mr.  J.  Cooke,  and  Mr.  C.  Z. 
Bunning  were  appointed  scrutineers  to  examine  the  voting  papers  for 
the  election  of  officers  for  the  ensuing  year. 


Mr.  James  Pease  then  read  the  following  paper  "On  a  New  Method 
of  Rope  Haulage." 
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ON  A  NEW  METHOD  OF  ROPE  HAULAGE. 


By  JAMES  PEASE,  M.E. 


Since  the  publication  a  few  years  ago  of  the  report  by  the  Tail-rope  Com- 
mittee (appointed  by  this  Institute)  on  the  various  systems  of  rope  haul- 
age, this  branch  of  mining  detail  has  received  considerable  attention, 
partially  as  a  sequence  of  that  report;  but  far  more,  latterly,  by  reason  of 
the  necessity  for  strict  economy,  through  this  present  period  of  unexampled 
depression  in  the  coal  trade;  and,  as  a  number  of  improvements  have  since 
been  made,  and  new  systems  put  to  work,  the  selection  of  the  system  of 
haulage  which,  while  it  best  adapts  itself  to  the  difficulties  of  the  situation, 
is  nevertheless  cheap  and  simple  to  work,  now  forms  one  of  the  leading 
questions  for  the  mining  engineer. 

As  a  preface  to  this  paper  >it  will  be  advisable  to  recapitulate  the  sum- 
marised results  published  by  the  Committee,  with  a  few  remarks  on  the 
capabilities  of  each  system  then  at  work,  both  for  the  purpose  of  com- 
parison and  as  a  datum  from  which  to  commence  this  paper. 

The  tabular  statement  then  put  forth  was  as  follows: — 
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The  labour  employed,  which  is  only  partially  utilized,  is  not  averaged  on  the  mile. 
t  Coals  led  about  one-third  of  the  capacity  of  the  plant. 
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Although  details  of  four  separate  systems  are  here  given,  two  principles 
govern  the  whole. 

1st. — Train  loads  at  high  speed,  from  six  to  twenty  miles  per  hour, 
with  intermittent  motion  and  delivery,  as  illustrated  by  the 
tail-rope  and  endless-rope  No.  1. 

2nd. — Distributed  loads  at  slow  speeds,  from  one-and-a-half  to  three 
miles  per  hour,  with  continuous  motion  and  delivery,  examples 
of  which  are  the  endless-chain  and  endless-rope  No.  2. 

Both  of  these  arrangements  appear  to  have  had  their  origin  in  part 
from  circumstances  which  would  not  only  suggest  their  adoption  but 
materially  contribute  also  to  their  practical  success. 

Flat  areas  of  large  extent  led  to  the  adoption  of  tail-ropes  in  the 
northern  and  endless-ropes  in  the  midland  counties.  Strata  of  a  uniform 
character  and  inclination,  with  steep  gradients,  suggested  the  use  of  gravity 
planes  and  endless-chain  with  distributed  loads  in  Yorkshire,  Lancashire, 
and  South  Wales.  The  tail-rope  being  adapted  for  working  undulating 
roads  with  branches  with  a  single  line  of  rails,  it  is  necessary  to  concentrate 
the  traffic  at  a  few  points  and  maintain  a  high  speed  (with  its  consequent 
liability  to  accidents),  which  involves  an  extra  expenditure  in  horse-power 
and  plant  only  partially  utilized. 

ENDLESS-ROPE,  No.  1. 

The  expense  of  doubling  the  way  is  more  than  compensated  by  the 
saving  in  the  other  portions  of  the  plant,  while  it  materially  reduces  the 
labour  charge  without  any  diminution  of  haulage  capacity;  should,  how- 
ever, the  road  be  undulating,  the  saving  in  labour  is  not  so  great,  owing 
to  the  necessity  of  locking  the  tub  wheels  or  coupling  up  both  ends  of  the 
set  to  the  rope.  Curves  can  be  worked  and  branches  easily  managed 
with  this  system,  riders  being  required. 

Endless-chain  is  the  first  example  of  distributed  loads  thoroughly 
carried  out ;  the  economy  in  engines,  boilers,  and  labour,  is  again 
large,  but  the  chain  being  heavy  and  costly,  is  evidently  adopted  in  the 
absence  of  any  simple  frictional  attachment  making  ropes  available. 

The  weight  of  the  chain  compels  its  being  used  over  the  tub,  to  the  top 
of  which  it  is  attached  somewhat  awkwardly ;  this  renders  it  difficult  to 
work  with  branches  or  curves. 

ENDLESS-ROPE,  No.  2, 
Instead  of  being  fas  no  doubt  was  expected)  an  economy  by  substituting 
a  thick  heavy  rope  in  place  of  chain,  proved  the  reverse,  outlay  and  labour 
being  increased  to  no  advantage. 
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The  conclusion  of  the  Committee  pointed  at  the  endless-chain  u  being 

the  most  effective  and  economical  system  (at  that  time)  in  first  cost,  labour 
and  maintenance,  with  one  or  two  drawbacks  (due  to  the  manner  of  appli- 
cation), thus  practically  affirming  the  principle  of  slow  speeds  and  dis- 
tributed loads — a  principle  sufficiently  elastic  to  meet  every  condition  of 
roadway. 

The  attention  thus  drawn  to  the  system  of  endless-ropes  and  chains 
led  to  investigations  as  to  how  far  and  under  what  conditions  frictional 
attachments  could  be  used  in  combination  with  light  steel  ropes  in  order 
to  dispense  with  the  first  heavy  charge  and  superfluous  weight  of  chain 
and  at  the  same  time  avoid  those  drawbacks  mentioned  in  the  Committee's 
report. 

Frictional  couplings  may  be  of  two  kinds ;  1st,  friction  by  compression 
of  the  rope  with  a  lever  or  screw,  either  separate  or  combined,  and  worked 
by  manual  labour ;  or,  2nd,  friction  by  the  deflection  of  the  rope  from  a 
straight  line  actuated  by  the  load  itself  through  the  interposition  of  a  lever. 

The  first  kind  consists  mostly  of  clamps  or  levers  such  as  are  shown  in 
Plates  XXXIX.  and  XLL,  Vol.  XVII.  These  have  been  modified  by  the 
use  of  screws,  but  they  all  more  or  less  damage  the  rope  and  require  great 
care  from  the  riders  and  attendants. 

Attempts  were  made  a  year  or  two  ago  to  adapt  the  "fork"  by  the 
addition  of  a  horizontal  crank,  see  A,  Fig.  1,  Plate  XL.,  with  a  radius  of 
about  five  inches  used  on  the  top  of  the  tub  B,  and  working  by  deflecting 
the  rope  from  a  straight  line  by  the  action  of  the  load.  This  was  found 
to  answer  very  successfully  for  single  tubs  on  level  roads,  or  with  flat 
gradients  where  very  light  steel  ropes  from  |-inch  to  f-iuch  are  used, 
and  where  boys  connect  the  ropes  to  the  tubs  which  arc  self-detached  at 
the  respective  ends  of  the  plane.  Sharp  curves  or  gradients  cannot  be 
worked  with  this  system,  and  branches  but  imperfectly,  owing  to  both 
ropes  having  to  be  lifted  in  order  to  make  a  connection. 

It  is  found  in  practice,  1st,  that  the  loading  is  restricted ;  2nd,  that 
considerable  side  friction  is  produced  by  the  wheels  against  the  rails; 
3rd,  that  the  least  defect  causes  the  tub  to  leave  the  rails ;  4th,  that  the 
leverage  of  the  rope  above  and  in  front  of  the  empty  tub  frequently  tilts 
up  the  rear  end  against  a  bad  joint  in  the  rails;  5th,  that  should  an 
undue  strain  be  brought  to  bear,  the  rope  either  bends  and  slips  off  the 
fork  or  breaks  out  the  tub  end. 

Another  pattern  of  this  fork  applied  about  one-third  up  the  side  of 
the  tub  is  shown  in  Fig.  2,  Plate  XL.,  and  is  used  with  heavy  iron  ropes; 
this  plan  does  not  reduce  the  side  friction  against  the  rails,  bui  there  can 
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be  no  tilting  forward  when  empty;  curves  cannot  be  worked  with  this  fork 
and  branches  only  by  detaching  the  whole  of  the  empty  traffic  at  each 
branch  in  order  to  connect  the  full  traffic. 

An  objection  common  to  both  these  forks  is,  that  should  the  floor 
heave,  as  is  common  in  the  midland  counties,  or  the  gradients  not  follow 
the  natural  curve  of  the  rope,  the  tubs  are  liable  to  become  detached  on 
leaving  a  falling  for  a  rising  gradient. 

Having  some  time  ago  to  lay  down  a  haulage  arrangement  under  the 
somewhat  peculiar  conditions  shown  in  Fig.  6,  Plate  XL.,  which  could  not 
be  met  satisfactorily  by  any  of  the  foregoing  systems  of  haulage,  the 
writer  succeeded  in  overcoming  all  difficulties  by  adopting  a  coupling  which 
is  shown  in  Figs.  3,  4,  5,  Plate  XL. 

Instead  of  producing  friction  by  compression  or  horizontal  deflection  it  is 
caused  by  allowing  the  hook  to  hang  down  like  a  pendulum  free  to  move 
through  an  arc  of  20  to  30  degrees,  which  causes  a  slight  vertical  deflection 
of  the  rope  A,  Fig.  7,  Plate  XL.  The  clip  it  will  be  seen  consists  of  fast 
and  loose  jaws  (A  B,  Figs.  4  and  5),  3^  in.  in  length,  suitably  bored 
out  for  the  rope,  and  loosely  clipping  it,  and  being  secured  by  a  falling 
hoop  (C),  a  lad  couples  it  up  to  the  draw  bar,  the  rope  being  then  raised  to 
a  suitable  height  by  a  small  pulley;  he  then  places  the  rope  in  the  space  D 
and  allows  the  hoop  to  drop;  the  clips  are  then  at  once  seized  by  the  weight 
of  the  load  whilst  the  tub  is  being  set  in  motion.  The  clip  is  disengaged 
automatically  at  the  ends  of  the  plane  by  a  pair  of  slides  which  raise  the 
ring  C  and  disengage  the  clip.     (See  Fig.  7.) 

The  rope  being  carried  beneath  the  tub  enables  the  sharp  curve  at  A, 
Fig.  6,  to  be  met  in  a  comparatively  easy  manner,  the  friction  being 
divided  over  six  small  steel  sheaves  which  pass  the  clip  very  smoothly. 
With  this  system  no  rollers  are  necessary  to  support  the  rope,  the  tubs 
being  placed  15  yards  apart  being  sufficient  to  do  so. 

This  system  is  found  in  working  to  be  remarkably  free  from  accident, 
the  rope  acting  like  a  third  rail,  making  it  difficult  for  the  tubs  to  leave 
the  road  unless  they  be  absolutely  displaced. 

"With  the  load  properly  distributed  the  horse  power  required  with  this 
system  is  very  small. 

The  rope  is  driven  by  ordinary  V  driving  wheels.  The  V,  with  an 
angle  of  about  28  degrees,  and  one  turn  of  rope,  gives  the  recmisite 
friction. 

The  estimated  maintenance  charges  are  : — Ropes,  to  be  replaced  every 
four  years  ;  driving  wheels  to  be  turned  up  every  two  years ;  and  the 
necessary  casual  repairs  to  engiue,  tubs,  and  clips. 
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The  daily  labour  charge  on  the  surface  tramway  is  4s.  9d.  for  230  tons, 
but  the  way  being  only  partially  utilized,  GOO  tons  per  day  might  be  carried 
without  any  addition  to  the  expense. 

With  underground-road  man  and  two  branches  the  labour  is  8s.  for 
225  tons,  and  a  similar  increase  of  quantity  without  additional  expense 
could  be  maintained  here. 

This  system  is  at  work  in  two  large  collieries  both  above  and  below 
ground,  and  is  being  substituted  in  place  of  the  forks  in  Figs.  1  and  2. 
Trials  are  also  being  made  with  it  at  several  collieries  with  a  view  to  its 
adoption. 


Mr.  W.  Jackson  then  read  the  following  paper,  "  Some  Remarks  on 
Endless-rope  Haulage." 
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SOME  REMARKS  ON  ENDLESS-ROPE  HAULAGE. 


By  W.  JACKSON. 


The  writer  having  had  considerable  experience  with  the  endless-rope 
system  of  haulage,  ventures  to  explain  an  arrangement  which  may  compare 
favourably  in  its  results  with  many  other  systems  of  running  endless-ropes, 
and  attaching  and  detaching  tubs  at  their  various  stations,  so  that  the 
shock  of  putting  the  load  in  motion  from  a  state  of  rest  may  be  as  much 
as  possible  avoided. 

The  several  methods  of  attaching  and  detaching  tubs  to  and  from  the 
endless-rope,  which  are  shown  in  Figs.  1,  2,  and  3,  Plate  XL.,  do  not 
fully  carry  out  this  desideratum,  the  importance  of  which  becomes  ap- 
parent when  it  is  considered  that  a  dead  weight,  say,  for  instance,  a  number 
of  tubs  containing  perhaps  five  tons  of  coal  in  a  state  of  rest  is  required  to 
be  put  in  motion  instantaneously  at  a  speed  equal  to  four  miles  per  hour, 
for  if  the  attachment  is  so  constructed  that  it  will  not  yield  or  give 
while  the  connections  have  to  be  made,  the  shock  will  be  so  great  as  to 
seriously  damage  the  clips,  tubs,  rope,  and  machinery  generally,  if  not  to 
cause  actual  breakage. 

The  methods  shown  in  Figs.  1  and  2,  Plate  XL.,  for  instance,  clutch 
the  rope  firmly  by  twisting  the  lever  round  the  moment  the  tub  is  put 
into  motion,  which  subjects  the  whole  of  the  machinery  to  a  severe  strain 
unless  the  speed  be  slow  and  the  load  light.  Besides  which  it  requires  the 
rope  to  run  over  the  tubs,  which  the  writer  does  not  consider  the  most 
advantageous  arrangement. 

The  method  shown  in  Figs.  3,  4,  and  5,  Plate  XL.,  called  a  vertical 
clip,  in  the  writer's  opinion,  with  regard  to  its  utility,  may  be  classed  with 
the  method  just  described ;  that  is  to  say,  in  its  application  there  is  no 
provision  made  for  setting  a  heavy  weight  from  a  state  of  rest  to  a  state  of 
motion  in  the  shortest  possible  time  without  giving  an  undue  strain.  The 
hook-end  of  this  clip  is  first  attached  to  the  ring  at  the  end  of  the  draw-bar 
on  the  tub ;  a  box  which  slides  up  or  down  in  the  middle  of  the  clip  is 
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then  raised  or  lifted  up  to  allow  the  tong  end  of  the  clip  to  open,  the 
rope  is  then  admitted  between  the  tongs  and  the  box  allowed  to  drop,  the 
result  being,  that  even  with  a  moderate  load  and  a  moderate  speed,  in 
consequence  of  the  leverage  being  so  great,  a  portion  of  the  rope  is  twisted 
into  an  almost  vertical  position,  which  prevents  any  yielding  or  slipping 
of  the  rope  through  the  clip,  such  slipping  being  so  desirable  if  the  load 
is  to  be  started  without  undue  strain,  comparative  safety,  and  freedom 
from  accident.    Another  objection  may  be  urged  against  this  clip,  viz., 
that  it  cannot  be  conveniently  made  much  shorter  than  is  shown  in  the 
Plate,  say  eight  or  nine  inches  long,  and  with  tubs  having  wheels  ten 
inches  in  diameter,  it  will  be  observed  that  the  draw-bar  ring  will  hang 
down  to  within  four  to  five  inches  of  the  rope.     To  connect  the  draw-bar 
ring  to  the  rope  when  in  motion,  with  a  vertical  clip  eight  inches  long, 
must  be  inconvenient  if  not  dangerous ;  and  to  remove  the  draw-bar  itself 
from  its  usual  place  underneath  the  tub  and  fix  it  above  the  sole-bars,  so 
as  to  give  sufficient  height  to  allow  of  the  use  of  the  vertical  clip,  would 
entail  a  very  large  expense  even  supposing  the  cost  of  removal  to  be  only  a 
few  shillings  per  tub.     This  clip  is  self-detaching,  but  it  appeared  to  the 
writer  whilst  watching  it  at  work,  to  be  uncertain  in  its  action.    The  way 
the  self-detachment  is  accomplished  is  by  means  of  two  pieces  of  angle  iron 
laid  down  parallel  with  each  other  on  a  slight  inclination,  and  placed  suf- 
ficiently apart  to  admit  the  lower  part  of  the  clip,  whilst  the  ring  C  coming 
in  contact  with  the  edges  of  an  angle  iron,  is  caused  to  slide  up  the  clip, 
and  so  relieve  it  from  the  rope ;  but  the  clip  still  hangs  to  the  tub,  and 
has  to  be  removed,  so  that  it  is  questionable  if  the  same  person  that  removes 
the  clip  from  its  position  after  it  has  disconnected  itself,  could  not,  at  the 
same  time,  disconnect  the  clip  from  the  rope ;  thus  the  disconnecting 
arrangement,  except  under  certain  conditions,  does  not  possess  any  material 
advantage.    It  has  also  been  stated  that  these  clips  do  not  require  rollers  for 
the  rope  to  trail  on ;  in  such  a  case  a  clip  is  required  for  every  tub,  and  the 
tubs  placed  at  equal  distances  apart,  or  some  portion  of  the  rope  will  be  sure 
to  trail.     The  question  therefore  arises,  would  it  not  be  cheaper  to  have 
rollers  rather  than  an  extra  quantity  of  clips  ?     These  considerations  in- 
duced the  writer  to  design  a  screw  clip  which  has  been  working  most 
satisfactorily  during  the  last  seven  years,  during  which  time  a  fair  oppor- 
tunity has  been  afforded  of  judging  as  to  its  practical  utility,  and  it  can 
be  said  with  confidence  that  it  does  the  work  required  expeditiously,  safely, 
and  economically.     Expeditiously,  because  it  can  be  easily  connected  or 
disconnected ;  safely,  because  it  will,  no  matter  the  speed  of  the  rope,  how 
heavy  the  load,  or  how  steep  the  gradient,  start  the  journey  of  loaded  tubs 
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in  motion  without  the  slightest  shock  or  impact;  economically,  because  it 

docs  not,  to  any  appreciable  extent,  wear  the  rope,  as  compared  to  the 
enormous  amount  of  work  it  is  capable  of  performing. 

In  applying  the  screw  clip,  the  end  A  (Fig.  2,  Plate  XLI.)  of  the 
connecting  rod  is  attached  to  the  ring  in  the  draw-bar.  The  pin  B,  with 
the  handle  C,  is  lifted  up  to  the  top  half  of  jaw,  but,  in  order  to  prevent 
its  being  drawn  out  and  getting  lost,  a  projection,  D,  at  the  bottom  of  the 
pin  prevents  it  from  passing  through  the  top  of  jaw.  The  draw-bar  ring 
is  now  placed  between  the  jaws,  and  the  pin  allowed  to  drop  through  the 
draw-bar  ring  and  lower  jaw.  It  will  be  noticed  that  this  jaw  and  ring 
are  sufficiently  loose  to  allow  the  clip  to  move  at  any  angle  on  either  side 
of  the  tubs,  thus  enabling  it  to  pass  around  any  pulleys  it  may  have  been 
necessary  to  place  on  the  engine  plane  to  suit  the  curves.  The  person 
who  has  just  connected  the  set  of  tubs  now  places  the  clip  E  on  the 
rope,  screwing  the  clip  gently  down  by  means  of  a  few  turns  of  the  handle 
G.  This  clip  is  attached  to  the  link  F  by  the  joint  H,  secured  to  the 
upper  part  of  E.  The  moment  the  clip  commences  to  grip  the  rope,  the 
set  of  tubs  moves  but  slowly,  the  difference  between  the  speed  of  rope  and 
tubs  being  regulated  at  will  by  the  attendant  at  the  screw  ;  but  when  the 
set  of  tubs  acquires  the  same  speed  as  the  rope,  the  attendant  gives  the 
clip  a  final  screw  up,  and  the  set  of  tubs  passes  on  to  the  out-bye  end. 

At  any  desired  distance  a  lever  is  placed  (actuated  by  the  tubs  in 
passing),  which  rings  a  bell  as  a  signal  for  the  next  set  to  be  connected. 
This  is  not  essential  to  the  use  of  the  clip,  but  is  added  for  the  sake  of 
regularity. 

"When  detaching  at  the  out-bye  end  it  is  only  necessary  to  give  the 
screw  G  a  few  turns,  and  release  the  pin  from  the  draw-bar  ring  by 
drawing  the  pin  straight  up.  The  tubs,  being  disconnected  from  rope 
and  clip,  run  by  their  own  gravity  to  the  pit  bottom. 

For  undulating  planes  or  steep  gradients,  one  clip  before  and  one 
behind  the  set  will  be  required  (see  Fig.  1);  and  in  such  a  case  it  is  usual 
to  send  twice  the  number  of  empties  in-bye  as  full  ones  out-bye.  This 
will  regulate  the  number  of  clips  required. 

Fifteen  of  these  screw  clips,  viz.,  ten  with  full  and  five  with  empty 
tubs,  are  sufficient  to  haul  1,000  tons  of  coal  up  an  incline  of  an  average 
gradient  of  1  in  20,  with  a  maximum  gradient  of  1  in  14,  1,000  yards 
long  in  eight  hours,  working  at  a  speed  of  from  three  to  four  miles  per 
hour,  at  a  cost  which  it  is  believed  would  compare  favourably  with  many 
other  systems  of  haulage  placed  or  working  under  similar  circumstances. 
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To  show  the  improvement  effected  by  this  method  of  attaching  tubs 
with  the  old  method  of  run  riders,  the  extra  cost  for  wages  alone  to  haul 
the  quantity  above  mentioned  would  amount  to  something  like  £600  per 
year. 

The  writer  wishes  it  to  be  understood  that  he  believes  that  the  other 
methods  before  referred  to  may  perform  their  work  satisfactorily  under 
the  conditions  of  light  loads,  level  planes,  and  slow  speed.  The  screw 
clip  can  however  be  worked  equally  well  under  such  conditions,  while  it 
can  be  used  with  advantage  under  circumstances  where  it  would  be  prac- 
tically impossible  to  work  with  the  others.  The  screw  clip  itself  costs 
rather  more,  and,  although  it  is  more  expensive,  yet  when  it  is  considered 
that  it  will  do  six  times  the  amount  of  work  such  cost  becomes  immaterial. 


Mr.  D.  P.  Morison  then  read  "  An  Introductory  Notice  on  Boiler 
Accidents  and  their  Prevention." 
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INTRODUCTORY  NOTES  ON  BOILER  ACCIDENTS  AND 
THEIR  PREVENTION.  "    • 

By  D.  P.  MORISON. 

I.— EFFICIENT  INSPECTION. 

In  compiling  these  notes  merely  as  the  introduction  of  so  important  a 
subject,  the  writer  has  had  mainly  in  view  the  daily  increasing  interest 
displayed  by  the  Legislature,  the  public,  and,  above  all,  by  those  personally 
and  practically  responsible  for  the  safety  of  life,  limb,  and  property,  in 
those  branches  of  their  industries  where  steam  boilers  are  a  necessity.  It 
has  also  been  his  endeavour  to  explain  fairly  and  impartially  the  different 
modes  of  gaining  such  safety,  and  of  recording  the  results  so  obtained. 

The  attention  of  Parliament  has  been  largely  bestowed  upon  the  sub- 
ject of  boiler  registration  and  inspection;  and  this  last  session  the  matter 
was  again  under  their  consideration  and  will  probably  be  one  of  the  promi- 
nent topics  of  the  next ;  and  seeing  this,  the  writer  deemed  that  a  treatise 
on  boiler  accidents  and  their  prevention  would  be  a  topic  worthy  of  the 
notice  of  the  members  of  an  institution  which  has  recently  been  favoured 
by  the  Government,  and  whose  Transactions  have  so  long  and  so  justly 
been  held  in  esteem  by  all  interested  in  the  saving  of  life  among  those 
engaged  in  mechanical  employments.  The  fact  of  mechanical  engineers  of 
the  district  forming  now  so  important  a  section  of  our  body  renders  the 
benefits  to  be  derived  by  discussing  such  a  paper  in  all  its  bearings  still 
more  fully  apparent. 

The  number  of  boilers  in  the  United  Kingdom  in  the  past  year  was 
estimated  by  the  most  competent  authorities  at  200,000;  although  this 
certainly  appears  to  the  writer  from  his  own  observation  to  be  an  under- 
statement ;  taking  into  account  the  various  localities  and  interests  re- 
presented by  the  large  number  (nearly  one  thousand)  of  the  members, 
it  may  safely  be  assumed  that  one-fourth  at  least  of  those  boilers  must, 
more  or  less,  come  under  their  notice,  and  this  fact  should  of  itself  be 
sufficient  to  elicit  some  valuable  practicable  notes  from  such  extensive  ex- 
perience as  this  would  indicate.     The  present  portion  of  the  paper  is 
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intended,  as  before  said,  merely  as  an  introduction,  and  therefore  will 
simply  be  a  means  of  condensing  the  classification  of  those  branches  of 
the  subject  which  may  be  included  under  the  denomination  of  "  efficient 
inspection,"  viz.: — 

1. — The  necessity  of  efficient  inspection. 

2. — What  is  efficient  inspection  ? 

3. — The  means  of  obtaining  efficient  inspection. 

1 . — The  Necessity  of  Efficient  Inspection  is  so  apparent  as  to 
require  little  or  no  comment ;  but  in  practice  it  is  to  be  feared  it  is  a  point 
often  neglected,  either  from  a  sense  of  security  engendered  by  the  con- 
sciousness of  good  material  and  careful  usage,  or  from  partial  or  total 
ignorance  of  the  many  dangers  which  are  compassed  in  steam  generators 
and  their  appurtenances.  Boilers  doubtless  have  exploded  under  what 
was  intended  to  be  careful  inspection,  but  at  the  same  time  it  is  now 
generally  considered  as  the  best  means  of  preventing  explosion. 

Even  if  other  precautions  are  taken,  such  as  extremely  good  materials 
and  workmanship,  low  pressure  in  proportion  to  the  strength  of  the  boiler, 
ample  safety  valves,  hydraulic  tests,  and  care  in  working,  periodical 
inspection  still  remains  an  additional  and  a  most  important  safeguard. 

It  may  safely  be  further  inferred  that  all  faults  leading  to  explosion 
are  not  always  detected  by  the  fact  of  the  occurrence  of  explosions  of 
boilers  belonging  to  the  Government,  both  ashore  and  afloat,  where  every 
care  is  considered  to  be  taken  in  every  detail. 

That  boilers  may  be  worked  in  great  numbers  without  explosion  in 
consequence  of  careful  inspection  may  be  inferred  from  the  lessened  num- 
ber of  explosions  among  the  boilers  enrolled  under  the  various  associations 
both  official  and  private.  As,  however,  there  are  a  great  number  of  boilers 
under  no  inspection  at  all,  or  rejected  by  the  associations  as  not  up  to 
their  standard,  and  in  many  cases  the  inspection  at  the  command  of 
private  establishments  is  not  sufficient,  explosions  still  continue  much  as 
usual  as  regards  the  annual  number,  and  although  forming  a  small  per- 
centage of  accidents  and  deaths  as  compared  with  other  disasters,  such  as 
accidents  on  railways,  at  sea,  or  in  the  streets,  attention  is  much  directed 
to  the  subject,  and  it  is  incumbent  on  engineers  to  find  a  remedy  if  pos- 
sible to  mitigate  their  severity. 

From  records  of  1,475  boiler  explosions  in  the  United  Kingdom,  killing 
2,184  persons  and  injuring  3,102  others,  those  of  the  last  ten  years  may 
suffice  for  the  present  purpose  : — 
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Year. 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 


No.  of  Boilers.  No.  of  Persons.  No.  of  Pa 

59  Exploded  Boilers,  killing    87  and  injuring    128 


70 

do. 

do. 

85 

do. 

138 

66 

do. 

do. 

66 

do. 

113 

74 

do. 

do. 

50 

do. 

137 

88 

do. 

do. 

66 

do. 

94 

76 

do. 

do. 

77 

do. 

I'.IS 

68 

do. 

do. 

81 

do. 

142 

39 

do. 

do. 

93 

do. 

110 

44 

do. 

do. 

54 

do. 

75 

46 

do. 

do. 

47 

do. 

84 

630 


706 


1,219 


Iii  further  illustraton  of  the  figures  obtained  by  compilation  of  records 
of  explosions,  the  annexed  tables  are  extracted  from  a  publication  by 
Mr.  E.  B.  Marten,  Ass.  C.E.,  Table  I.  being  a  summary  of  records,  and 
Table  II.  a  summary  of  causes  of  explosion  (these  will  be  supplemented 
by  later  statistics  in  subsequent  notes) : — 

TABLE  I. 

Summary  of  Records  of  Steam  Boiler  Explosions  up  to  30th  June,  1870, 
shewing  description  of  exploded  boilers. 


Description  of  Boiler. 

Explosions  up  to 
June,  1866. 

Explosions  in  the 

Four  Years  from  June, 

1866,  to  June,  1870. 

Total  Explosions 
up  to  June,  1870. 

English 

Foreign 

Total. 

English 

Foreign 

Total. 

Engl^n'Foreign;  Total. 

Marine  ... 

Cornish,  Lancashire,  or  other  ) 
with  internal  flues  ...          \ 

Locomotive       

Plain  cylindrical,  externally  ) 
fired j 

Balloon,  haystack,  wagon,  ) 
Butterley,  British  tube,  V 
elephant,   or  Trevistick     ) 

Portable,  agricultural,  up-  ( 
right,  crane,  or  very  small  ( 

Heating  kitchen,  domestic,  | 
Ray,  steamers,  etc. ...          j 

Furnace,  upright 

Not  sufficiently  described  to  ) 
be  classified ...         ...          j 

Totals        

57 
140 

91 
114 

62 

28 

14 

10 

203 

263 

1 

29 

2 

2 
1 

29 

320 
141 
120 
116 

64 

29 

14 

10 

232 

12 

84 
10 
54 

5 

17 

22 

8 

7 

64 
3 

68 
3 

2 

17 
14 

175 

76 

87 
78 
57 

7 

34 

36 

8 

182 

69 
224 

101 
168 

67 

15 

36 

18 

210 

327 

4 

97 

5 

4 

18 
14 

204 

396 
228 
198 
173 

71 

63 
50 
18 

11  1 

719 

327 

1046 

219 

346 

565 

938 

673 

1611 

250 
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TABLE  II. 

Summary  of  Causes  of  the  Steam  Boiler  Explosions  for  the  ForR  Years 
ending  30th  June,  1870,  in  Great  Britain. 


Causes  of  Explosion. 

Number 

of 

Explosions. 

Number 

of 
Persons 
Killed. 

Number 

of 
Persons 
Injured. 

(a.) — Faults  in  construction  ox1  x-epair    . . . 

fb.J — Faults  which  should  he  detected"^ 
by  periodical  examination       ...  j 

(c.) — Faults  which  should  be  prevented  "^ 
by  careful  attendants  ...         . . .  ) 

(d.) — Extraneous  or  uncertain  causes     . . . 
Totais      

95 
62 
54 

8 

128 

105 

79 

3 

167 

185 

84 

14 

219 

315 

450 

It  is  evident  that  a  large  proportion  of  those  accidents  classified  under 
the  initials  b  and  c  might  have  been  averted  by  the  additional  safety 
resulting  from  efficient  inspection. 

This  leads  to  the  second  division  of  our  subject : — 


2. — "What  is  Efficient  Inspection  ? — So  much  diversity  of  opinion 
prevails  as  to  the  best  means  of  obtaining  efficient  inspection  that  the 
actual  duty  itself  is  often  overlooked. 

It  may  be  described  as  intimate  acquaintance  with  the  boiler  in  its 
entirety,  in  its  materials,  in  its  construction,  in  its  workmanship,  in  its 
setting,  in  its  management,  and  in  its  general  constitution ;  or,  as  the 
French  term  it  with  much  appropriateness,  temperament. 

It  should  be  thoroughly  independent  of  those  in  daily  charge  of  it, 
and  as  frequent  and  complete  as  possible.  The  greatest  strength  of  a  chain 
is  its  weakest  link,  and  so  the  strength  of  a  boiler  as  a  whole  depends  often 
upon  the  weakness  of  a  very  infinitesimal  portion  of  its  many  points  which 
might  easily  escape  any  observation  but  that  of  a  special  and  trained  man. 

The  recognised  associations  on  the  Continent  have  all  special  rules 
approved  by  their  Governments  tending  to  prove  the  urgent  necessity 
for  intimate  and  detailed  knowledge  of  the  internal  temperament  of  a 
boiler.     The  following  being  brief  but  to  the  point  may  be  cited : — 

Explosions  in  boilers  occur  (1)  from  natural  deterioration  of  materials,  (2)  from 
defects  of  construction,  and  (3)  from  incapacity  of  those  in  charge. 
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They  principally  arc  due  to  defects  unobserved  from  the  reason  that  do  pains  have 
been  taken  with  their  examination.  Examination  or  inspection  is  often  neglected  or 
postponed  on  account  of  the  cost  of  inspection. 

Defective  materials  and  bad  workmanship  frequently  occur  in  all  classes  of  boilers. 

Low  price  often  takes  priority  over  quality. 

Testing  by  the  hydraulic  press  is  not  sufficient  to  indicate  practical  weakness  or 
defects. 

The  internal  examination  of  boilers  is  the  only  reliable  mode  of  ascertaining  their 
condition.  When  this  examination  is  carefully  effected  it  usually  affords  the  means  of 
ascertaining  the  safety  of  the  boiler. 

Every  separate  part  of  a  boiler  should  be  carefully  examined,  because  each  one  may 
lead  to  danger. 

The  gist  of  good  inspection  was  most  lucidly  given  in  a  paper  read 
before  the  Institute  of  Engineers  in  Scotland  as  a  communication  by  Mr. 
J.  G.  Lawrie,  part  of  which,  now  extracted,  will  point  to  the  details  of 
requisite  inspection. 

To  insure  due  attention  a  written  report  should  be  made,  which  must 
be  perfectly  intelligible  to  any  one  who  has  not  seen  the  boiler;  and,  to 
prevent  confusion,  no  two  boilers  should  be  mentioned  on  one  paper ;  and 
the  report  should  be  made  complete  at  once,  and  illustrated  with  sketches, 
so  as  not  to  need  fair  copying.  In  the  first  place,  every  particular  of  boiler 
and  fittings,  and  settings,  should  be  noted  that  can  be  seen  from  the  out- 
side of  the  boiler,  with  sketches  and  sufficient  dimensions  to  make  complete 
detailed  drawing  if  required. 

The  boiler  should  then  be  entered,  and  internal  sketch  and  dimensions 
taken  sufficient  to  make  complete  drawing.  The  plates  should  then  be  felt 
in  every  part  with  a  light  hammer,  and  the  general  condition  noted. 

The  flues  should  be  reserved  for  the  last,  because  they  are  generally 
dirty,  but  this  is  often  the  most  important  part  of  the  inspection.  The 
fire  grate  and  each  flue  should  be  entered  and  traversed,  and  every  part  of 
the  boiler  plate  felt  with  a  hammer,  and  also  dimensions  taken  as  before. 

This  is  not  all  that  is  necessary  to  obtain  complete  information,  for  there 
still  remains  those  parts  of  the  boiler  in  contact  with  the  brickwork,  and 
the  neglect  which  often  leads  to  disaster.  It  is  easy  to  clear  the  brickwork 
sufficiently  for  examination,  but  a  little  arrangement  when  setting  the 
boilers  would  make  it  far  easier. 

It  may  be  well  to  mention  some  of  the  chief  impediments  to  carrying 
out  this  inspection.  It  is  often  impossible  to  make  even  the  external 
examination,  because  boilers  are  so  smothered  up  with  brick  and  stone- 
work.    The  clothing  of  boilers  is  often  justly  urged  as  leading  to  economy 
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of  fuel,  but  it  should  not  be  done  in  such  a  way  as  to  preclude  examination. 
The  most  rapid  corrosion  goes  on  if  a  leak  should  take  place  beneath  the 
covering,  especially  if  it  consists  partly  of  sand  or  ashes. 

Internal  examination  is  sometimes  prevented  by  too  small  a  manhole, 
or  one  so  awkwardly  placed  as  to  make  it  almost  impossible  to  get  into  the 
boiler ;  but  the  most  usual  difficulty  is  the  want  of  room  to  move  about,  or 
to  use  a  hammer.  Sometimes,  also,  there  is  no  means  of  cooling  sufficiently 
to  allow  of  a  person  remaining  in  the  boiler  for  many  minutes. 

Each  form  of  boiler  has  its  peculiar  difficulty.  The  Cornish  or  one- 
tube  boiler  is  one  of  the  most  awkward,  as  there  is  so  little  space  between 
the  tube  and  shell  at  the  sides  and  bottom,  and  a  false  step  may  cause  the 
inspector  to  slip  and  become  wedged. 

The  Lancashire  double-flue,  or  two-tube  boiler,  obviates  this  difficulty, 
but  involves  another  manhole  to  get  at  the  space  beneath  the  tubes. 

Most  of  the  multitubular  boilers,  such  as  the  locomotives,  are  too  small 
to  enter,  and  the  impossibility  of  internal  examination  has  led  to  many 
explosions.  Of  course  the  difficulty  of  examination  is  much  increased  if 
the  scale  is  not  well  cleaned  off,  as  without  this  many  faults  will  be  over- 
looked. 

The  easiest  boilers  to  examine  internally  are  the  plain  cylinders  and 
others  without  internal  tubes,  and  this  facility  for  examination  is  one  of 
their  chief  recommendations. 

3. — Means  of  obtaining  Efficient  Inspection.  —  Having  now 
briefly  explained  the  necessity  and  the  constitution  of  efficient  inspection, 
it  remains  for  the  writer  to  allude  to  the  various  methods  in  actual  use, 
or  merely  in  embryo  for  obtaining  this  efficiency.  These  may  be  divided 
into  groups  which  may  for  succinctness  sake  be  denominated — 

(a.) — Private  firm  inspection. 

(b. ) — Association  of  firms  (home). 

(c.) — Association  of  firms  (foreign). 

(d.) — Inspection  companies. 

(e.) — Inspection  and  assurance  companies. 

(f.) — (In  contemplation  or  under  advice  a  system  by  which  the 
Government  shall  have  directly  under  its  own  control  the 
registration  and  inspection  of  all  boilers  either  by  specially 
appointed  officials  or  by  some  mode  of  incorporating  the 
present  methods.)    This  we  may  name  Government  inspection. 

Extent  of  inspection  by  various  societies  at  home  and  abroad  : — 
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NUMBER  OF  BOILERS  INSPECTED  IN  THE  UNITED  KINGDOM. 

Steam  Users 3,500 

23,000 

7,200 

3,218 

2,000 

1,000 

London  Mutual  1,000 

Newcastle       ...         ...         ...         ...         ...  114 

Engine  and  Boiler     ...         ...         ...         ...  500 

English  and  Scotch ...         ...        ...         ...     ? 


Steam  Power 

National 

Midland 

Yorkshire 

Mutual 


41,532 

All  the  above  compete  as  private  ventures,  as  there  is  no  compulsion  ; 
the  same  as  steam  shipowners,  who  are  not  obliged  to  have  Board  of  Trade 
inspectors,  but  do  so  to  save  themselves  from  blame  in  case  of  accident. 

NUMBER  OF  FOREIGN  BOILERS  INSPECTED. 


1. 

— Hanover,  ace 

ordinp 

•  to  Repc 

>rt  to  1876, 

Inspected     525 

Boilc 

2. 

— Bremen 

do. 

do. 

1878, 

do. 

414 

do. 

3. 

-Halle 

do. 

do. 

1877, 

do. 

423 

do. 

4.- 

— Breslau 

do. 

do. 

1878, 

do. 

612 

do. 

5. 

—Offenbach 

do. 

do. 

1878, 

do. 

546 

do. 

6.- 

— Brunello 

do. 

do. 

1877, 

do. 

1,740 

do. 

7.- 

—Hamburg 

do. 

do. 

1878, 

do. 

662 

do. 

8.- 

—Mannheim 

do. 

do. 

1877, 

do. 

1,072 

do. 

9.- 

— Munchen 

do. 

do. 

1878, 

do. 

1.422 

do. 

10.- 

— M.  Gladbach 

do. 

do. 

1876, 

do. 

363 

do. 

11.- 

—Magdeburg 

do. 

do. 

1878. 

do. 

1,338 

do. 

12.- 

— Mulhouse 

do. 

do. 

1877, 

do. 

1.470 

do. 

13.- 

—Aachen 

do. 

do. 

1878, 

do. 

356 

do. 

14.- 

— Bernberg 

do. 

do. 

1877, 

do. 

640 

do. 

15.- 

—Frankfort 

do. 

do. 

1878, 

do. 

476 

do. 

16.- 

— Kaiserslawtei 

ndo. 

do. 

1875, 

do. 

574 

do. 

17.- 

— Siegen 

do. 

do. 

1878, 

do. 

423 

do. 

18.- 

— Wien 

do. 

do. 

1876, 

do. 

2,952 

do. 

19.- 

— Luzern 

do. 

do. 

1878, 

do. 

1,275 

do. 

20.- 

— Saarbruck 

do. 

do. 

1878, 

do. 

542 

do. 

21.- 

—Paris 

do. 

do. 

1877, 

do. 

200 

do. 

22.- 

—Lyons 

do. 

do. 

1878, 

do. 

271 

do. 

23.- 

-Lille 

do. 

do. 

1876, 

do. 

? 

24.- 

—Chemnitz 

do. 

do. 

1878, 

do. 

258 

do. 

25.- 

—Rouen 

do. 

do. 

1877, 

do. 

p 

26.- 

-Neuwied 

do. 

do. 
Say 

1876, 
20,000. 

do. 

355 

do. 

18,909 
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None  of  these  foreign  societies  compete,  but  each  has  a  district,  and  all 
boilers  are  by  law  to  be  inspected  by  them. 

The  rules,  regulations,  and  constitutions  of  a  few  of  these  societies 
will  be  embodied  in  subsequent  remarks,  as  well  as  the  advantage  which 
has  been  derived  from  their  assistance  in  independent  inspection. 

The  general  conclusion  from  the  consideration  of  this  introductory 
portion  of  the  subject  is,  that  the  best  means  of  preventing  boiler  explo- 
sions is  to  use  boilers  which  may  be  safely  classified  as  good,  and  have  them 
carefully  inspected  in  every  part  at  least  once  in  six  months,  so  as  to  detect 
evils  which  might  lead  to  a  rupture  or  collapse.  It  would  be  a  great  safe- 
guard if  all  persons  in  charge  of  boilers  were  competent  to  thus  inspect 
them  and  the  doing  so  were  made  part  of  their  regular  duty.  As  inspec- 
tion has  so  often  been  urged  as  essential  to  safety,  it  is  no  matter  of  sur- 
prise that  it  has  attracted  the  attention  of  Government.  A  Special 
Committee  sat  for  many  days  and  took  evidence  during  the  last  two  sessions; 
but  after  very  careful  consideration  they  did  not  recommend  Government 
inspection,  lest  it  should  remove  responsibility  from  the  owners,  who 
should  be  the  best  judges  of  the  fitness  of  inspectors,  as  they  are  the  natural 
guardians  of  their  own  boilers. 

This  decision  was  not  arrived  at  hastily,  as  many  witnesses  were 
examined,  and  the  statistics  and  experience  gathered  by  the  Steam  Users, 
the  Steam  Power,  the  National,  and  the  Midland  Boiler  Associations, 
beside  the  opinion  of  many  eminent  engineers  and  manufacturers,  were 
fully  weighed.  The  importance  of  the  loss  of  an  average  of  75  lives  from 
about  fifty  explosions,  or  one  boiler  in  every  4,000  per  annum,  was  not  lost 
sight  of,  nor  the  value  of  periodical  competent  inspection,  as  carried  out 
by  the  voluntary  associations;  but  it  was  feared  that  any  system  of  compul- 
sory inspection,  although  it  might  be  under  the  management  of  a  kind  of 
Steam  Parliament  composed  of  representatives  of  the  public,  or  others 
elected  by  those  who  own  or  work  steam  boilers,  could  only  be  accom- 
plished at  an  unwarrantable  cost,  while  it  would  indirectly  tend  to  the 
adoption  only  of  certain  supposed  types  of  boilers  and  engines  and  modes 
of  working,  and  thus  impede  progress  and  improvement  in  the  face  of 
present  increasing  foreign  competition  in  that  which  is  the  very  main- 
spring of  national  prosperity. 

It  is  not  improbable,  however,  that  the  Legislature  may  see  fit  to  give 
to  those  injured,  or  to  the  friends  of  those  killed  by  boiler  explosions, 
greater  facilities  for  obtaining  compensation  in  order  to  induce  the  greatest 
possible  care  on  the  part  of  all  who  use  steam  power. 

It  may  also  be  found  practicable  to  empower  coroners,  or  some  other 
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competent  authorities,  to  obtain  and  publish  trustworthy  reports  of  all 
cases  of  boiler  explosions,  whether  fatal  or  not,  so  as  to  enable  those  using 
boilers,  and  especially  the  men  in  charge,  to  profit  from  the  experience  of 
others. 

The  main  part  of  the  concluding  remarks  has  been  derived  from  an 
article  in  the  "  Mining  Magazine,"  by  Mr.  E.  B.  Marten,  in  the  year  1872, 
and  the  writer  has  adopted  these  views  as  a  fit  termination  to  the  present 
introductory  notes,  which,  as  before  explained,  he  trusts  may,  as  well 
as  his  subsequent  remarks  on  the  same  subject,  pave  the  way  for  many 
instructive  and  practical  additions  from  members  of  this  Institute. 


Mr.  J.  A.  Ramsay  then  read  a  paper  "  On  Fuel,  particularly  Brown 
Coal,  in  its  Formation  and  as  an  Article  of  Commerce,"  which  will  be 
published  in  a  subsecpient  Part  of  the  Transactions. 
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These  readings  have  been  obtained  from  the  observatories  of  Kew  and 
Glasgow,  and  will  give  a  very  fair  idea  of  the  variations  of  temperature 

and  atmospheric  pressure  in  the  intervening  country,  in  which  most  of 
the  mining  operations  in  this  country  are  carried  on. 

The  Kew  barometer  is  34  feet,  and  the  Glasgow  barometer  180  feet 
above  the  sea  level.  The  latter  readings  have  been  reduced  to  32  feet 
above  the  sea  level,  by  the  addition  of  "150  of  an  inch  to  each  reading, 
and  both  readings  are  reduced  to  32°  Fahrenheit. 

The  fatal  accidents  have  been  obtained  from  the  Inspector's  reports, 
and  are  printed  across  the  lines,  showing  the  various  readings.  The 
name  of  the  colliery  at  which  the  explosion  took  place  is  given  first,  then 
the  number  of  deaths,  followed  by  the  district  in  which  it  happened. 

At  the  request  of  the  Council  the  exact  readings  at  both  Kew  and 
Glasgow  have  been  published  in  figures. 
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BAROMETER     READINGS,     &C 

JANUARY,  1878. 


KEW. 

GLASGOW. 

Barometer. 

Tem- 
perature. 

Barometer. 

Tem- 
perature. 

6 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

c3 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi-  Mini- 

O 

mum. 

mum. 

ft 

lnnui.  mum. 

1 

30-329 

30-312 

30-254 

30-254 

42-5 

30-0 

1 

30-063 

30-055 

29-946 

29-948 

45-9 

40-1 

2 

30-262 

30-343 

30-347 

30-366 

47-1 

42-3 

2 

30-130 

30-235 

30-191 

30  093 

46-4 

40-9 

3 

30-319 

30-254 

30-127 

30-005 

47-2 

43-2 

3 

29-924 

29-855 

29-800 

29-852 

49-1 

46-4 

4 

29-875 

29-903 

29-990 

30-103 

48-0 

43-5 

4 

29-940 

30-082 

30-111 

30-124 

47-3 

399 

5 

30-142 

30-156 

30-091 

30-043 

45-7 

43-0 

5 

30-067 

29-978 

29-870 

29-838 

469 

o9-4 

6 

29997 

30-006 

29-922 

29-822 

48-7 

42-0 

6 

29-836 

29-787 

29-624 

29-458 

46-1 

355 

7 

29-680 

29-562 

29-437 

29-445 

43-0 

35-0 

7 

29-314 

29-238 

29-468 

29-743 

40-9 

361 

8 

29-563 

29-738 

29-840 

29-963 

42-0 

35-0 

8 

29-935 

30-091 

30-172 

30-240 

40-3 

37-3 

9 

30-050 

30-148 

30-185 

30-238 

39-4 

34-5 

9 

30-288 

30-314 

30-299 

30-287 

37-8 

28-0 

10 

30-239 

30-276 

30-307 

30-430 

41-0 

32-7 

10 

30-285 

30-319 

30-357 

30-417 

319 

26-0 

11 

30-527 

30-603 

30-612 

30-649 

38-0 

26-4 

11 

30-459 

30-487 

30-476 

30-488 

39-5 

20-7 

12 

30-640 

30-662 

30-61  i 

30-613 

34-8 

26-5 

12 

30-471 

30-436 

30-312 

30-187 

42-8 

33-9 

13 

30-581 

30-566 

30-522 

30-518 

45-4 

34-2 

13 

30-172 

30-172 

30-150 

30-130 

44-2 

39-6 

14 

30-461 

30-383 

30-309 

30-282 

51-2 

43-6 

14 

29-998 

30-040 

30-024 

30-086 

46-1 

42-7 

15 

30-260 

30-283 

30-259 

30-262 

53-6 

44-8 

15 

30-068 

30-024 

29-977 

29-973 

49-7 

41-4 

16 

30-255 

30-245 

30-182 

30-247 

51-2 

42-8 

16 

29-899 

29-959 

30-070 

30-168 

49-3 

43-0 

17 

30-317 

30-387 

30393 

30-427 

47-0 

39-4 

17 

30-238 

30-308 

30-333 

30-371 

44-8 

37-7 

18 

30-444 

30-483 

30-480 

30-483 

43-2 

34-0 

18 

30-343 

30-359 

30-358 

30-348 

47-9 

38  5 

19 

30-.  67 

30-476 

30-425 

30-395 

45-3 

37-3 

19 

30-286 

3o-238 

30-098 

29-972 

47-2 

41-0 

20 

30-346 

30-341 

30-324 

30-245 

48-3 

41-9 

20 

29-876 

29-974 

29-860 

29-527 

48-9 

41-5 

21 

30-165 

30-076 

30-025 

29-973 

54-7 

48-2 

21 

29-531 

29-693 

29-592 

29-620 

49-8 

33-9 

22 

29-959 

29995 

29-875 

29-873 

54-7 

47-0 

22 

29-828 

29-862 

29-660 

29-357 

40-0 

30-4 

23 

29-753 

29-798 

29-688 

29-599 

49-1 

36-7 

23 

29-248 

29-152 

29-085 

29-189 

40-0 

32-6 

24 

29-573 

29-520 

29-409 

29-441 

42-6 

36-0 

24 

29-245 

29-308 

29-308 

29-270 

37-5 

311 

25 

29-412 

29-377 

29-503 

29-583 

37-5 

30-0 

25 

29-354 

29-414 

29-430 

29-718 

40-8 

231 

26 

29-736 

29-926 

30-007 

30083 

41-7 

32-2 

26 

29-868 

29-964 

29-959 

29939 

40-2 

328 

27 

30-082 

30-085 

30-016 

29-913 

39-6 

30-0 

27 

29-869 

29-799 

29-657 

29-539 

40-9 

349 

28 

29-755 

29-698 

29-731 

29-893 

43-6 

34-0 

28 

29-550 

29-557 

29-641 

29-745 

40-8 

337 

29 

29-971 

30-064 

30  106 

30-154 

40-8 

31-0 

29 

29-872 

30-019 

30073 

30-123 

39-7 

31-8 

30 

30-178 

30-248 

30-280 

30-342 

39-2 

28-7 

30 

30-187 

30-276 

30-317 

30-389 

37-2 

29-5 

31 

30-378 

30-452 

30-463 

30-513 

39-7 

31-3 

31 

30-449 

30526 

30-533 

30-563 

38-5 

315 

FEBRUARY, 

1878. 

1 

30-552 

30-541 

30-451 

30-429 

40-7 

30-8 

1 

30-519 

3C-479 

30-418 

30-408 

436 

350 

2 

30-379 

30-375 

30-338 

30-362 

42-2 

30-8 

2 

30-396 

30-406 

30-352 

30-368 

42-8 

30-3 

3 

30-359 

30-380 

30-385 

30-441 

431 

38-9 

3 

30378 

30-429 

30415 

30-425 

38-6 

27-9 

4 

30-455 

30-519 

30-525 

30-550 

41-8 

394 

4 

30-401 

30-413 

30-407 

30-404 

45-3 

38-1 

b 

30-550 

30-588 

30-553 

30-564 

39-5 

35-9 

5 

30-398 

30-413 

30-418 

30-409 

433 

387 

6 

30-535 

30-551 

30-521 

30-562 

38-6 

30-9 

6 

30-371 

30-367 

30-329 

30-335 

42-1 

391 

7 

30-566 

30-597 

30-555 

30-589 

41-1 

280 

7 

30-335 

30-365 

30-370 

30-422 

47-8 

421 

8 

30-586 

30-596 

30-520 

30-497 

32-7 

25-9 

8 

30-455 

30-475 

30-406 

30-368 

48-5 

38-9 

9 

30-394 

30-315 

30-201 

30-129 

360 

31-8 

9 

30-267 

30170 

30-054 

29-983 

41-5 

374 

10 

30-009 

29-949 

29-877 

29-877 

42-9 

34-9 

10 

29-891 

29-880 

29-853 

29-877 

40-6 

375 

11 

29-884 

29-927 

29-956 

30-033 

42-4 

36-7 

11 

i9-909 

29959 

29-870 

30057 

399 

342 

12 

30-113 

30-212 

30-205 

30-146 

44-4 

35-2 

12 

30-098 

30-148 

30-108 

30047 

422 

303 

13 

29-966 

29-911 

29-902 

29-923 

496 

36-5 

13 

29897 

29-822 

29-853 

29-853 

38-4 

328 

14 

29-842 

29-769 

29-799 

29943 

49-3 

41-6 

14 

29-870 

29-957 

29-841 

29-782 

40-6 

381 

15 

29987 

30-057 

29-992 

30-018 

50-4 

35-0 

15 

29-775 

29-797 

29-699 

29751 

46-4 

40-2 

16 

30-198 

30-264 

30239 

30-265 

521 

41-2 

16 

29-837 

29739 

29-800 

29-826 

508 

40-6 

17 

30-243 

30-204 

30-112 

30-039 

57-5 

47-8 

17 

29-821 

29-793 

29  664 

29-646 

521 

450 

18 

29-970 

30-112 

30-168 

30-297 

52-7 

39-0 

18 

29-668 

29-704 

29-870 

30-091 

48-1 

40-5 

19 

30-370 

30-449 

30-366 

30335 

50-3 

369 

19 

30-188 

30-208 

30090 

29-944 

47-2 

390 

20 

30-236 

30-252 

30261 

30-364 

46-1 

43-2 

20 

29-816 

29-829 

29-986 

30-215 

513 

431 

21 

30-468 

30-568 

30-561 

30-604 

52-0 

39-0 

21 

30-272 

30334 

30-357 

30447 

49-7 

441 

22 

30-594 

30-606 

30  545 

30-522 

49-6 

46-9 

22 

30431 

30-449 

30412 

30-358 

48-2 

43-4 

23 

30-438 

30-401 

30-302 

30-284 

49-7 

42-9 

23 

30-268 

30-220 

30-140 

30-168 

478 

401 

24 

30-229 

30219 

30-154 

30-158 

499 

42-0 

24 

30-122 

30-071 

29975 

29975 

46-9 

38-8 

25 

30-117 

30-108 

30-066 

30-089 

52-0 

42-0 

25 

2H-S98 

29-869 

29-788 

29-850 

44-8 

38-9 

26 

30071 

30-112 

30-066 

30-054 

50-6 

42-4 

26 

29-852 

29-856 

29-778 

29-674 

45-9 

393 

27 

29-982 

29-908 

29-777 

29-657 

51-5 

44-8 

27 

29-600 

29-528 

29-427 

29  473 

521 

46-0 

28 

29-806 

29-885 

29-847 

29901 

535 

48-8 

28 

29-561 

29-535 

29  404 

29518 

510 

46-2 

BAROMETER   AND  THERMOMETER    READINGS. 
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BAROMETER     READINGS,     &  c . 
MARCH,  1878. 


KEW. 

GLASGOW. 

Barometer. 

Ti 

M- 

Barometer. 

TEM- 

PEBAruius. 

PERA!  1 

4  a.m. 

10  a.m. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

fl 

mum 

muui, 

fi 

mum. 

mum. 

1 

29-830 

29-709 

29-642 

29-625 

56-0 

50-8 

1 

29-410 

29-278 

29-233 

29-334 

50-8 

454 

2 

29-684 

29-898 

30030 

30-201 

56-0 

47-0 

2 

29-515 

29-709 

29-851 

29-975 

51  1 

44-6 

,r; 

30-287 

30-382 

30  401 

30-473 

56-5 

39-0 

3 

30-050 

30-141 

30-144 

30151 

520 

45-0 

4 

30-508 

30-524 

30-448 

30-400 

543 

43-1 

4 

30-140 

30-121 

30-015 

30-023 

49-8 

41-8 

5 

30-384 

30-518 

30442 

30-342 

51-7 

43-0 

5 

30-076 

30-046 

29-952 

29-936 

473 

39-4 

6 

30-194 

30-040 

29-880 

29-992 

56  2 

47-9 

6 

29-690 

29  534 

29-660 

29-857 

49  7 

41-9 

7 

30-050 

30-066 

29  902 

29-855 

571 

469 

7 

29-890 

29706 

29552 

29-669 

519 

394 

8 

29-877 

30-015 

30  048 

30-112 

52-8 

42-5 

8 

29773 

29-870 

29-979 

30-112 

43  6 

352 

9 

30-156 

30-216 

30-134 

30-041 

44-6 

357 

9 

30111 

30-077 

29-914 

29746 

41-9 

305 

io 

29926 

29-936 

30  030 

30  176 

51-4 

41-0 

10 

29-708 

29-826 

29-880 

29-914 

48-2 

39-5 

11 

30-226 

30-243 

30175 

30-176 

51-8 

40-0 

11 

29-924 

29-880 

29-890 

30-024 

48-2 

38-7 

12 

30-125 

30-265 

30-270 

30-268 

449 

39-3 

12 

30-162 

30-282 

30-245 

30-323 

46-0 

325 

13 

30-272 

30-336 

30-319 

30-446 

42  9 

34-7 

13 

30-377 

30-451 

30-469 

30-516 

45-7 

320 

14 

30-488 

30-498 

30-404 

30-385 

468 

29-9 

14 

30-497 

30461 

30-386 

30-401 

44-3 

332 

15 

30-369 

30-398 

30-414 

30-505 

44-6 

31-0 

15 

30-425 

30-480 

30-496 

30-554 

45-4 

30-4 

1(5 

30-531 

30-617 

30  599 

30-622 

425 

33-8 

lii 

30-578 

30-610 

30-580 

30556 

46-2 

37-5 

17 

30-568 

30-557 

30-478 

30-452 

48-1 

28-0 

17 

30-516 

30-477 

30-396 

30-346 

50-1 

353 

18 

30-370 

30-319 

30-208 

30-223 

510 

414 

is 

30260 

30-250 

30-202 

30-238 

510 

45-8 

19 

30220 

30-272 

30-275 

30-341 

53-4 

47-0 

19 

30-308 

30-274 

30  249 

30-297 

53-5 

433 

20 

30-300 

30-398 

30-372 

30-374 

51-3 

45-0 

20 

30-293 

30-289 

30-235 

30-219 

51-9 

431 

21 

30319 

30-291 

30-174 

30-111 

55-5 

44-2 

21 

30-133 

30  093 

30  080 

30-111 

491 

36-4 

22 

30-033 

29-978 

29-88G 

29851 

46-3 

33-0 

22 

30-060 

30-002 

29910 

29897 

405 

30-8 

23 

29-769 

29-743 

29-672 

29-665 

423 

28-3 

23 

29-788 

29-708 

29-647 

29-692 

409 

309 

2-1 

29-620 

29-580 

29-467 

29-434 

45-0 

26-9 

21- 

29595 

29-507 

29453 

29-629 

39-9 

30-6 

25 

29464 

29-668 

29-795 

29  954 

445 

290 

2.". 

29-736 

29-846 

29-869 

29-949 

427 

311 

26 

30-009 

30-070 

30-022 

29-983 

45-1 

27-5 

26 

29-968 

29-965 

29-768 

29-714 

44-5 

293 

27 

29-841 

29-787 

29  773 

29-756 

47  0 

32  0 

27 

29738 

29-8:0 

29  763 

29757 

42-8 

303 

28 

29-638 

29-511 

29-318 

29  258 

43  9 

31-7 

28 

29-667 

29573 

29-487 

29597 

40-6 

273 

29 

29-146 

29-192 

29-250 

29-245 

372 

33-1 

29 

29-625 

29-631 

29  597 

29-564 

42  1 

29-4 

30 

29-222 

29-243 

29-325 

29473 

410 

32-4 

30 

29-489 

29-527 

29-500 

29-486 

43  8 

31-3 

31 

29-503 

29-499 

29-340 

29-165 

44-6 

30-8 

31 

29-340 

29-242 

29  132 

29060 

39-8 

31-8 

APRIL,  1878. 


29-102 
29-206 
29-522 
29-633 
29-791 
30-038 
30-171 
29-917 
29-927 
29-895 
29-867 
30-109 
30-017 
29-961 
29983 
29-866 
29702 
29-699 
29659 
29-534 
29-535 
29-809 
29-620 
29-508 
29-655 
29-960 
30-133 
30175 
29-953 
29-030 


29-140 
29-264 
29-501 
29760 
29-821 
30-106 
30-156 
29-922 
29  946 
29-885 
29-961 
30136 
30-008 
29-975 
30-017 
29-823 
29-716 
29-764 
29-656 
29-483 
29-617 
29-843 
29-593 
29-554 
29-744 
30-009 
30-174 
30-173 
29-896 
29615 


29-151 
29-317 
29399 
29-776 
29-870 
30101 
30-066 
29-887 
29-932 
29-811 
30-011 
30-089 
29-993 
29931 
29-967 
29-740 
29-677 
29711 
29641 
29-457 
29-684 
29749 
29-529 
29-573 
29-798 
30-007 
30-155 
30-081 
29-798 
29-593 


29  216 
29-460 
29-524 
29803 
29-986 
30-170 
30-014 
29926 
29-937 
29-858 
30-089 
30-075 
29-992 
29-969 
29-914 
29-735 
29-691 
29727 
29613 
29501 
29-784 
29-701 
29  501 
29-526 
29-930 
30-100 
30-192 
30-019 
29-746 
29-610 


45-5 
49-2 
437 
51-0 
49  4 
560 
50-7 
50-4 
49  8 
51-0 
52-1 
60-1 
60-7 
63-2 
605 
597 
56-5 
63-0 
615 
563 
601 
58-5 
57-0 
590 
60-2 
573 
608 
605 
62-9 
616 


29-0 

1 

28-939 

28-815 

33-5 

2 

28  915 

28-999 

35-3 

3 

29261 

29-301 

32-2 

4 

29534 

29-619 

352 

5 

29-724 

29-788 

30-4 

6 

29956 

30-028 

34-7 

7 

30-107 

30-088 

39-1 

8 

29-980 

29956 

40-2 

9 

30-096 

30-131 

426 

10 

30-125 

30127 

45-0 

11 

30-146 

30-157 

40-2 

12 

30-165 

30136 

41-8 

13 

29-915 

29-855 

49-2 

!  !• 

29-728 

29758 

4.5-4 

15 

29  702 

29-768 

44-9 

16 

29711 

29-684 

467 

17 

29  563 

29608 

41-0 

18 

29  653 

29-675 

432 

19 

29  553 

29538 

46-5 

20 

29-446 

29-474 

45-6 

21 

29- 126 

29-543 

46-9 

22 

29-868 

29  906 

46-1 

2;; 

29  831 

29827 

45-6 

24 

29-877 

29-882 

427 

25 

30000 

30-069 

42-8 

26 

30-133 

30-150 

409 

27 

30-184 

30-195 

40-4 

28 

30-104 

30  092 

45-5 

29 

29-933 

29-881 

500 

30 

29-653 

29-594 

28-833 
29-097 
29-333 
29  673 
29-816 
30-046 
29-998 
29  895 
30-109 
30106 
30-131 
30-013 
29-769 
29756 
29-762 
29-616 
29-595 
29607 
29-502 
29-416 
29  650 
29-835 
29-83.) 
20-890 
30-01  ill 

80-144 
80-124 

29-995 
29-743 
29-544 


28-883 
29-213 
29-451 
29-712 
29-914 
30-108 
30-006 
30-037 
30-147 
30-156 
30-193 
29-9S6 
29-744 
29-730 
29770 
29-596 
29-649 
29-616 
29-494 
29'447 
29  793 
29  818 
29  900 
20-960 
30128 
30-189 
30130 
29977 
29-721 
29559 


42-9 

31-6 

49-3 

39-0 

459 

359 

48-2 

347 

50'9 

30-5 

51-6 

31-0 

55-9 

333 

56  5 

352 

494 

362 

46-0 

391 

55-8 

41-7 

553 

40-9 

511 

432 

58-5 

488 

587 

491 

54-2 

495 

591 

471 

59-9 

439 

57'5 

436 

53-4 

470 

57-2 

46  0 

50-9 

41-1 

491 

430 

539 

419 

52-9 

89  3 

19-9 

370 

585 

41-8 

61-8 

403 

63-9 

40-5 

569 

43-6 
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BAROMETER     READINGS,     &C 

MAY,  1878. 


KEW. 

GLASGOW. 

Barometer. 

Tem- 
perature. 

Barometer. 

Tem- 
perature. 

6 

d 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi-  Mini- 

-J 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

fi 

mum,  rnvuu. 

1 

n 

mum. 

mum. 

1 

29-573 

29-599 

29-573 

29-682 

67-8 

525 

i 

29-534 

29-566 

29-568 

29-637 

64-8 

432 

2 

29-759 

29-864 

29  882 

29-970 

67-3 

48-8 

2 

29-662 

29-708 

29-707 

29-785 

58-1 

47-5 

3 

29-972 

30-001 

29-969 

29-999 

64-1 

52-2 

3 

29-813 

29-819 

29-771 

29-737 

58-8 

43-5 

4 

30-033 

30-067 

30-056 

30-090 

62-0 

45-6 

4 

29-746 

29-817 

29-880 

29942 

56-1 

45-3 

5 

30079 

30-036 

29-928 

29-877 

64-9 

42-1 

5 

29934 

29-944 

29-874 

29-850 

66-4 

451 

6 

29741 

29-686 

29-610 

29-609 

661 

49-0 

6 

29-794 

29-732 

29611 

29-592 

639 

48-5 

7 

29-61:5 

29-664 

29-612 

29-612 

64-8 

55-3 

7 

29  591 

29-692 

29725 

29-747 

52-2 

46  0 

8 

29-576 

29-594 

29-650 

29-740 

58-5 

47-0 

8 

29-749 

29-815 

29-862 

29-928 

49-7 

44-0 

9 

29-750 

29-810 

29-820 

29-860 

65-8 

47-1 

9 

29933 

29-919 

29-888 

29-915 

53-5 

411 

10 

29-800 

29-771 

29-716 

29-690 

71-2 

50-2 

10 

29-694 

29-848 

29-759 

29-742 

55-8 

372 

11 

29-579 

29-544 

29-628 

29-678 

66-7 

50-9 

11 

29-694 

29613 

29-522 

29-542 

51-3 

450 

12 

29-658 

29-656 

29  619 

29-587 

70-8 

49-5 

12 

29-528 

29-534 

29-501 

29-500 

65-4 

45-8 

13 

29-491 

29-552 

29536 

29-553 

62-3 

51-8 

13 

29-445 

29367 

29-318 

29-315 

59-4 

515 

14 

29-483 

29-455 

29-463 

29-559 

62-3 

510 

14 

29  253 

29214 

29-163 

29-175 

61-2 

50-2 

15 

559-514 

29-448 

29-481 

29-560 

61-0 

52-6 

15 

29  193 

29-149 

29-071 

29-211 

56-4 

50-1 

16 

29-684 

29-807 

29817 

29-772 

61-9 

50-0 

16 

29329 

29  502 

29-459 

29-279 

60-4 

48-0 

17 

29775 

29-881 

29-996 

30-042 

66-8 

570 

17 

29  271 

29  366 

29645 

29787 

59-8 

507 

18 

29-884 

29-804 

29-837 

29-903 

691 

52-0 

18 

29  731 

29-539 

29-4S8 

29-506 

632 

48  7 

19 

29-833 

29-848 

29-805 

29852 

610 

51-8 

19 

29-450 

29-363 

29362 

29-530 

56-9 

477 

20 

29-866 

29-834 

29-752 

29795 

56-9 

43-8 

20 

29-612 

29-705 

29-749 

29731 

50-1 

40-5 

21 

29-881 

29-887 

29  858 

29905 

552 

391 

21 

29641 

29647 

29-666 

29701 

50-0 

365 

22 

29-908 

29-937 

29905 

29-830 

58-0 

41-9 

22 

29-751 

29755 

29-717 

29-655 

54-9 

425 

23 

29  639 

29-428 

29322 

29340 

610 

46-9 

23 

29-511 

29390 

29-331 

29327 

53-3 

449 

24 

29-312 

29-278 

29-255 

29-356 

59-6 

490 

24 

29327 

29-367 

29-391 

29-440 

53-2 

453 

25 

29-512 

29634 

29-671 

29-747 

59-0 

45-0 

25 

29-445 

29-496 

29-508 

29-557 

579 

395 

26 

29-737 

29-771 

29-765 

29-796 

60-4 

45-0 

36 

29-562 

29364 

29-554 

29585 

57-4 

40-5 

27 

29-776 

29-774 

29-748 

29-791 

62-1 

47-0 

27 

29  580 

29-526 

29649 

29-727 

57-4 

443 

28 

29-770 

29773 

29-725 

29796 

62-7 

450 

■2  s 

29765 

29  839 

29-886 

29974 

59-3 

447 

29 

29-772 

29-914 

30-010 

30-113 

56-7 

49-2 

2!) 

30025 

30-093 

30-091 

30116 

619 

467 

30 

30-113 

30-128 

30-084 

30-063 

550 

420 

30 

30  096 

30-062 

30-026 

30-028 

63-0 

42-7 

31 

30-028 

29-998 

29-928 

29922 

631 

397 

31 

30013 

29-986 

29-934 

29965 

641      461 

JUNE,  1878. 


1 

29-933 

29-992 

30-010 

30-031 

56-4 

451 

1 

29-992 

29-998 

29958 

29948 

60-4 

42-8 

2 

30-021 

30015 

29961 

29-934 

63-1 

44-0 

2 

29-954 

29941 

29900 

29903 

58-3 

453 

3 

29-884 

29  915 

29-894 

29-877 

672 

51-0 

3 

29-876 

29909 

29-896 

29-878 

54-4 

45-2 

4 

29-794 

29750 

29-737 

29795 

64-3 

521 

4 

29-820 

29792 

29806 

29-886 

529 

42-4 

5 

29-880 

30033 

30-094 

30-136 

57-8 

475 

5 

29-946 

29994 

30-005 

30-043 

601 

40-8 

6 

30200 

30179 

30-191 

67-4 

46-1 

6 

30-075 

30-127 

30-088 

30-078 

592 

42-0 

7 

30  152 

30-047 

29-981 

68-0 

50-5 

7 

30-002 

29914 

29-862 

29-814 

59-4 

460 

8 

29-749 

29-627 

29-605 

70-2 

53-7 

8 

29-665 

29-614 

29-473 

29331 

613 

531 

9 

29-618 

29  595 

29-516 

29-543 

65-1 

54-6 

9 

2H-.-.H5 

29-352 

29-313 

29-327 

643 

501 

10 

29-644 

29-726 

29-756 

29-800 

64-7 

52-3 

10 

29-327 

29  372 

29453 

29-533 

63-0 

50-4 

11 

29-701 

29-575 

29-445 

29-523 

630 

51-4 

11 

29-517 

29-407 

29-468 

29222 

57-0 

479 

12 

29559 

29-555 

55!l-.-Ki6 

29706 

640 

50-0 

12 

29-248 

29-374 

29-522 

29664 

570 

50-0 

13 

29-767 

29-820 

29-796 

29-832 

666 

51-7 

13 

29-746 

29-814 

29-831 

29-920 

60-2 

473 

14 

29-832 

29-864 

29  856 

29-871 

56-7 

490 

14 

29-923 

29933 

29-868 

29-862 

570 

477 

15 

29856 

29-857 

29831 

29-828 

598 

449 

IS 

29820 

29-802 

29-753 

29-791 

60-8 

48-2 

16 

29-793 

29795 

29-753 

29-780 

62-1 

500 

16 

o,,.N,;i 

29-799 

29769 

29786 

660 

447 

17 

29774 

29-825 

29-820 

29-859 

64-8 

49-0 

17 

29-737 

29-740 

29751 

29-779 

629 

478 

18 

29-856 

29-877 

29865 

29-893 

65-0 

51-0 

18 

29-765 

29  974 

29-772 

29-818 

636 

487 

19 

29-893 

29933 

29944 

30-002 

662 

49-4 

1!' 

29-848 

29902 

29912 

29-972 

649 

47-4 

20 

30-017 

30-033 

30-015 

3'i-m;2 

712 

47-5 

20 

29-962 

29-940 

29  877 

29-890 

690 

479 

21 

30-083 

30-097 

30-090 

30-130 

73-7 

464 

21 

29-827 

29915 

29-975 

30-055 

648 

527 

22 

30157 

30-164 

30-111 

30-109 

76-6 

50-0 

22 

30-083 

30095 

30-040 

30-033 

696 

49-0 

23 

30-082 

30-062 

30-026 

30-029 

78-5 

56-8 

23 

30008 

29-996 

29982 

29-952 

662 

483 

24 

30-033 

30-061 

30046 

30096 

805 

57-9 

24 

29916 

29-946 

29967 

29992 

640 

569 

25 

30-1(16 

30-156 

30-134 

30-160 

82-1 

61-4 

25 

:;irnll) 

30-045 

30048 

30062 

720 

58-1 

26 

30-150 

30-154 

30-108 

30-134 

85-1 

575 

36 

30-062 

30070 

30-055 

30-078 

77-7 

546 

27 

30-090 

3ii-(«;.s 

29-986 

29-962 

83-9 

63-6 

27 

30-041 

29-986 

88-928 

29-940 

85-0 

68-4 

£8 

29-900 

29-896 

29-871 

29  872 

79-9 

63-4 

38 

29952 

29-966 

29963 

30-023 

81-1 

56-2 

29 

29835 

29-814 

29-758 

29755 

77-7 

58-2 

39 

30-035 

29  993 

29911 

29915 

730 

54-5 

30 

29-722 

29-756 

29710 

29-864 

70-3 

550 

30 

29-909 

29915 

29-897 

29963 

712 

545 
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BAROMETER      READ1MGS,     Sec. 
JULY,  1878. 


KEW. 

GLASGOW. 

Barometer. 

Te 

M- 

Barometer. 

Tem- 

PERATUKE. 

perature. 
M:ixi-  Mini- 

6 

P. 

4  A.M. 

10  a.m. 

4  P.M. 

10  P.M. 

Maxi- 

Mhii- 

D 

4  A.M. 

10  A.M.      4  P.M. 

10  P.M. 

a 

mum. 

mum. 

R 

1 
1 

mum,  mum. 

> 

i 

29'883 

29-897 

29-866 

29-845 

67-0 

51-3 

1 

29-946 

29-940 

29-915 

29943 

M'6  '  52-8 

2 

29-828 

29-837 

29-812 

29-862 

62-0 

53-0 

2 

29-916 

29-901 

29-857 

29-855 

88-5      510 

3 

29-865 

29-903 

29-9:38 

30-067 

61-3 

52-4 

3 

29-848 

29-906 

29-926 

29-990 

U7-9      .".'>-:; 

4 

30-101 

30-126 

:;o-os!i 

30-110 

69-9 

47-1 

4 

29-98S 

89-974 

29-928 

29-812 

59-3      i-  B 

5 

30-098 

30-090 

30-064 

30  046 

70-1 

54-6 

5 

29-804 

29814 

29-762 

29-730 

633      582 

6 

29-987 

29-976 

29-948 

29-981 

74-8 

58-1 

6 

29-724 

29767 

29-798 

29-835 

653 

558 

7 

29-969 

29-973 

29-950 

29-960 

721 

55-4 

7 

29-820 

29842 

29-867 

29-928 

668 

53  B 

8 

29-984 

30-051 

30-089 

30-126 

68-8 

56-2 

8 

29-986 

30-052      30041 

30049 

68-2 

490 

9 

30-118 

30-064 

29  942 

29-890 

71-0 

51-0 

9 

29-930 

29-796 

29-730 

29-738 

681 

50-7 

10 

29-873 

29-889 

29-894 

29-921 

67-1 

551 

in 

29-694 

29-718 

29-756 

29-730 

618 

52-4 

11 

29-894 

29S63 

29-832 

29-860 

67-2 

56  0 

11 

29-690 

29-710 

29-726 

29762 

63-2 

510 

12 

29-853 

29-876 

29-863 

29-882 

65-9 

56-1 

12 

29770 

29-810 

29-814 

29-867 

699 

50-6 

13 

29-876 

29-926 

29  937 

29-998 

70-2 

53-3 

L3 

29-910 

29-932 

29-921 

29996 

695 

51-8 

14 

30-022 

30-066 

30-072 

30-126 

69-6 

61-6 

14 

30-021 

30-039 

30-059 

30106 

663 

48-5 

15 

30-157 

30-191 

30-171 

30-193 

69-0 

54-8 

15 

30-102 

30-118 

30-116 

30-148 

69-4 

509 

16 

30-213 

30-253 

30-242 

30-261 

74-0 

52-3 

16 

30-145 

30-170 

30-190 

30-193 

659 

57-8 

17 

30-280 

30-287 

30-234 

30-262 

813 

54-9 

17 

30-187 

30-202 

30-194 

30212 

663 

577 

is 

30295 

30-306 

30-266 

30-276 

81-1 

59-9 

is 

30-224 

30-273 

30262 

30-293 

75-0 

59-7 

1!) 

30-254 

30-241 

30-171 

30-170 

81-8 

61-4 

l!l 

30-266 

30  262 

30-202 

30-166 

72-0 

578 

20 

30-126 

30-104 

30-042 

30-038 

78-0 

60-2 

20 

30-094 

30-082 

30-034 

30-054 

7C-1 

55-9 

21 

29-994 

29-981 

29-955 

29973 

76-6 

62-9 

21 

30-060 

30-064 

30-008 

30-047 

78-9 

55-4 

22 

29-952 

29-951 

29-947 

29-987 

78-0 

610 

22 

30-093 

30-113 

30-046 

30-048 

63-8 

558 

2:; 

29-964 

29960 

29873 

29834 

716 

61-2 

23 

30025 

29  975 

29-846 

29-798 

729 

567 

24 

29-750 

29-702 

29-618 

29-640 

74-1 

60-9 

21. 

29-730 

29-677 

29-638 

29660 

648 

569 

25 

29-628 

29-673 

29-682 

29-742 

67-6 

58-8 

25 

29627 

29-624 

29-598 

29-636 

70-8 

538 

26 

29-738 

29-762 

29-752 

29-762 

70-8 

55-0 

26 

29630 

29-654 

29-660 

29-770 

679 

524 

27 

29795 

29-858 

29-859 

29-918 

71-8 

58-0 

27 

29-816 

29-863 

29-866 

29924 

672 

541 

28 

29-915 

29927 

29-904 

29-969 

66-1 

55-2 

28 

29932 

29-950 

29-930 

29-984 

67-8 

50-9 

29 

29-983 

30-007 

30-003 

30-059 

69-7 

501 

2!) 

29-682 

30-028      30-048 

30139 

67-7 

50-1 

30 

30-103 

30133 

30-169 

30-263 

58-0 

48-0 

30 

30-174 

30-213      30-224 

30-288 

68-3 

533 

31 

30267 

30  324 

30-306 

30-332 

68-4 

54-2 

31 

30-318 

30-334  |   30-298 

30-316 

730 

48-5 

AUGUST,  1878. 


1 

30-311 

30-279 

30-135 

30-105 

70-1 

54-9 

1 

30-314 

30-304 

30-202 

30-224 

75-2 

50-7 

2 

30039 

29-964 

29-873 

29-789 

69-3 

55-0 

2 

30-202 

30-166 

30-122 

30123 

65-9 

535 

3 

29-667 

29-660 

29-664 

29-719 

64-8 

54-0 

3 

30  080 

30-018 

29-944 

29-962 

690 

53-8 

4 

29-699 

29-713 

29-714 

29-808 

70-2 

560 

4 

29918 

29-898 

29854 

29-868 

723 

59-5 

5 

29-822 

29  845 

29-802 

29-792 

77-1 

57-5 

5 

29-844 

29-846 

29-836 

29-858 

70-9 

571 

il 

29-706 

29688 

29-646 

29712 

75-0 

599 

6 

29-818 

29-747 

29-646 

29-637 

677 

55-4 

7 

29-724 

29-792 

29-818 

29-913 

73-1 

59-1 

7 

29-5S6 

29-579 

29-585 

29-646 

679 

594 

8 

29962 

30-031 

30-058 

30-124 

74-5 

58-0 

8 

29-680 

29-783 

29894 

30-000 

659 

52  8 

9 

30111 

30-102 

29  994 

29-926 

75-3 

54-0 

9 

30-013 

29  992 

29  908 

29-840 

67-7 

484 

in 

29-752 

29-669 

29619 

29673 

71-8 

61-5 

10 

29-702 

29-616 

29-540 

29  592 

640 

513 

11 

29-860 

29-828 

29-718 

70-5 

56-0 

11 

29-586 

29-590 

29  500 

29-332 

659 

503 

12 

29-525 

29  552 

29-649 

68-8 

55-0 

12 

29-186 

2!i-2sii 

2H-314 

29  228 

65-8 

53-8 

13 

29:657 

29-664 

29-631 

29-521 

66-3 

550 

13 

29  200 

29-292 

29-326 

29-292 

649 

528 

11. 

29-229 

29-339 

29  460 

29  590 

72-1 

58-6 

14 

29214 

29-274 

29-336 

29-423 

69-1 

500 

15 

29-600 

29599 

29-540 

29  500 

69-3 

57-4 

15 

29-432 

29-428 

29388 

2!'-:  :7'i 

579 

476 

16 

29-409 

29-380 

29-381 

29-510 

67-5 

56-0 

16 

29-306 

29-308 

29-362 

29471 

639 

48-3 

17 

29-675 

29-868 

29-919 

29996 

66-1 

52-0 

17 

29  546 

29596 

29-553 

29-6SH 

589 

43-9 

is 

30-013 

30  043 

29-971 

29-929 

71-6 

530 

18 

29-792 

29-868 

29-902 

29956 

668 

r.i-s 

l:i 

29-849 

29-810 

29-806 

29-873 

70-1 

57-0 

19 

29918 

29918 

29-885 

29-902 

64-9 

50-2 

211 

29-890 

29-913 

29-918 

29-968 

65-3 

53-9 

20 

29-898 

29922 

29-910 

29-948 

68*8 

527 

21 

29-996 

30012 

29-973 

2H-1ISS 

68-0 

531 

21 

29-954 

29-967 

29-948 

29-966 

60-9 

537 

22 

29-940 

29-908 

29-825 

29-735 

679 

56-2 

22 

29958 

29-982 

29-906 

29-910 

661 

513 

23 

29543 

29-485 

29-449 

29-444 

70-1 

57  0 

23 

29-824 

29-776 

29-724 

29-703 

604 

492 

2  1 

29  407 

29-412 

29-409 

29-447 

671 

57-2 

21 

29-642 

29\,90 

2D-5U6 

2! '-.'.00 

608 

529 

2.", 

29-456 

29-191 

29-484 

29-499 

66-8 

54-0 

25 

29-429 

29-422 

29-407 

29-435 

64-8 

569 

26 

29-465 

29-465 

29-486 

29-579 

69-1 

519 

26 

29-422 

29*424 

29-413 

29-455 

68-0 

516 

27 

29-629 

29-642 

29-640 

29-665 

69-4 

59-0 

27 

29-470 

29-482 

29-463 

29-481 

66-9 

533 

28 

29  681 

29740 

29-736 

29-790 

67-9 

590 

28 

29-48J 

29-.V.H 

29-600 

29-678 

69  5 

545 

29 

29711 

29-587 

29  512 

29-462 

70-1 

56-9 

29 

29674 

29-662 

29-562 

29-174 

610 

540 

30 

29-244 

29-372 

29  467 

29-522 

67-5 

584 

30 

29-316 

29-361 

29-381 

29-456 

610 

559 

31 

29-543 

29  609 

29-682 

29-814 

66-0 

58-0 

31 

29460 

29-594 

29669 

29-766 

6fl 

552 
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BAROMETER      READINGS,     &c, 
SEPTEMBER,  1878. 


KEW. 

GLASGOW. 

Barometer. 

Tem- 

Barometer. 

Tem- 

perature. 

perature. 

<D 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

6 

H 

4  A.M. 

10  A.M. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

A 

mum. 

mum. 

R 

mum. 

mum. 

1 

29  875 

30-001 

30-080 

30-162 

625 

573 

1 

29-850 

29-942 

29-994 

30-077 

650 

50-4 

2 

30-209 

30263 

30-247 

30-262 

65-6 

53-0 

2 

30-096 

30-105 

30-004 

29-956 

668 

51-4 

3 

30244 

30257 

30-180 

30-171 

69-2 

49-9 

3 

29  915 

29-937 

29-975 

30-020 

65-0 

58-7 

4 

30-150 

30  1.39 

30-053 

30-030 

71-3 

50-0 

4 

30-036 

30-068 

30-056 

30-0 tl 

643 

58-5 

5 

29957 

29-962 

29-954 

29-993 

71-7 

589 

5 

29-980 

29-973 

29-902 

29-908 

66  9 

55-0 

6 

30-001 

30  095 

30-076 

30-110 

71-6 

55-0 

6 

29  890 

29-930 

29940 

29-956 

65-0 

51-7 

7 

30  112 

30118 

30058 

30053 

71-7 

50-0 

7 

30-006 

30-056 

30-040 

30-057 

66-5 

57-0 

8 

29-999 

30001 

29-952 

29-989 

627 

55-0 

8 

30-028 

29-988 

29894 

29-770 

686 

54-2 

9 

29-989 

30021 

30-022 

30-086 

68-1 

536 

9 

29-792 

29-934 

30050 

30-090 

63-0 

48-2 

10 

30132 

30198 

30-189 

30-245 

670 

51-3 

10 

30-122 

30122 

30-108 

30-102 

62-8 

49-8 

11 

30-237 

30-255 

30-180 

30-185 

69-8 

47-0 

11 

30-016 

30-060 

30-027 

29-9.72 

63-8 

58-1 

12 

30119 

30-051 

30-036 

30-124 

66-6 

48-7 

12 

29-812 

30022 

30  049 

30  078 

60-2 

51-7 

13 

30-103 

30108 

30-035 

30021 

648 

456 

13 

29996 

29962 

29-886 

29736 

6  i-0 

512 

14 

29973 

30-009 

29-962 

29-965 

67'5 

443 

14 

29-772 

29-780 

29790 

29676 

632 

54-9 

15 

29900 

29810 

29  623 

29-492 

650 

54-5 

15 

29-416 

29-079 

28995 

28-927 

61-0 

476 

16 

29619 

29773 

29-921 

30033 

61-3 

50-6 

16 

29-051 

29-307 

29-556 

29632 

54  2 

46-5 

17 

30-008 

29-981 

29921 

29-865 

65-5 

507 

17 

29-488 

29-524 

29-480 

29343 

625 

52-9 

18 

29  652 

29-630 

29-673 

29-800 

62-0 

48-9 

18 

29330 

29-376 

29-368 

29-368 

54-9 

434 

19 

29-848 

29  912 

29-856 

29-770 

59  6 

43-0 

19 

29-423 

29-473 

29504 

29-574 

52-0 

43-1 

20 

29-742 

29-858 

29-941 

30-092 

580 

44-0 

20 

29746 

29-928 

29-976 

30-028 

518 

426 

21 

30135 

30174 

30142 

30-118 

581 

40-0 

21 

30-004 

30-022 

29-980 

29-867 

559 

439 

22 

30-020 

29-906 

29-726 

29-543 

57  4 

46-2 

22 

29-658 

29-582 

29422 

29-439 

55-0 

454 

23 

29-452 

29-458 

29-430 

29-481 

58-0 

45-8 

23 

29--372 

29  304 

29-338 

29473 

50-7 

437 

24 

29516 

29  622 

29-663 

29-740 

58-5 

370 

24 

29  538 

29-632 

29614 

29536 

575 

50-1 

2-5 

29721 

29-705 

29  604 

29707 

58  1 

413 

25 

29327 

29-333 

29-470 

29-606 

552 

42-8 

26 

29  824 

29956 

29-990 

30-053 

590 

421 

26 

29653 

29-704 

29746 

29790 

535 

41-5 

27 

30051 

30-068 

30-043 

30-083 

59-1 

42-8 

27 

29-810 

29-880 

29  904 

29955 

552 

442 

28 

30-080 

30  088 

30043 

30-047 

660 

531 

28 

29-936 

29-944 

29910 

29  950 

60-2 

438 

29 

30-017 

30-027 

29-942 

29-873 

61-2 

499 

29 

29-949 

29-952 

29-884 

29-786 

51-9 

48-8 

30 

29-690 

29  675 

29-741 

29-855 

62-1 

48-5 

30 

29619 

29-636 

29-751 

29-888 

509 

459 

OCTOBER,  1878. 


1 

29-924 

30  019 

30-025 

30-137 

62-4 

48-7 

1 

29-956 

30-031 

30-074 

30166 

52-8 

29-3 

2 

30-229 

30202 

30251 

30236 

615 

409 

2 

30-192 

30-182 

30-086 

30016 

533 

34-3 

3 

30-191 

30-201 

30-139 

30  174 

650 

451 

3 

29-918 

29966 

29970 

29992 

599 

52-2 

4 

30-133 

30-155 

30-090 

30-114 

640 

44-1 

4 

29976 

29995 

29948 

29-949 

55-2 

505 

5 

30-101 

30-102 

30-018 

29-966 

70-8 

469 

5 

29-940 

29  936 

29-854 

29793 

631 

52-4 

6 

29-838 

29793 

29  723 

29637 

69  0 

54-1 

6 

29665 

29576 

29  477 

29-460 

612 

57-0 

7 

29-543 

29-546 

29-496 

29  382 

647 

582 

7 

29-292 

29268 

29-180 

621 

558 

8 

29-320 

29-380 

29-435 

29-536 

650 

55-9 

8 

23-964 

28-945 

28-968 

29-050 

60-2 

549 

9 

29-610 

29  594 

29-413 

29-388 

61-7 

53-6 

9 

29184 

29136 

28-992 

28-952 

579 

520 

10 

29-219 

29225 

29-350 

29-561 

610 

53-2 

10 

28-799 

28-724 

28-772 

29-088 

58-7 

521 

11 

29705 

29-871 

29-987 

30-110 

573 

44-9 

11 

29286 

29-520 

29730 

29-874 

52-3 

47-8 

12 

30-173 

30-212 

30252 

30294 

58-9 

39-2 

12 

29-994 

30-070 

30066 

30022 

55-7 

465 

13 

30-303 

30-314 

30-249 

30-221 

60-0 

341 

13 

29  966 

29-968 

29-930 

29-918 

570 

52-4 

14 

30-163 

30-139 

30033 

29995 

60-2 

38-0 

11 

29912 

29942 

29914 

29915 

56  9 

50-1 

15 

29925 

29-950 

29-950 

30-000 

56-3 

45-0 

15 

29-946 

30-015 

30  008 

30-030 

55-9 

44-2 

16 

30-000 

30-050 

30020 

30-030 

56-2 

52-0 

16 

30-002 

29-976 

29-904 

29-880 

54-3 

48-4 

17 

29-990 

29-980 

29  921 

29-930 

54-5 

44-2 

17 

29-808 

29829 

29808 

29-862 

575 

495 

18 

29  865 

29832 

29-733 

29718 

54-7 

489 

18 

29-840 

29862 

29-812 

29-832 

56  6 

478 

19 

29-665 

29  723 

29-750 

29790 

561 

51-9 

19 

29-762 

29-748 

29-721 

29-748 

585 

50S 

20 

29-780 

29-800 

29750 

29-690 

58  6 

480 

20 

29-705 

29659 

29514 

29  336 

554 

49-9 

21 

29-570 

29-486 

29-300 

29-200 

62-4 

51-0 

21 

29-168 

29011 

29  782 

29  782 

513 

40-0 

22 

29- 150 

29230 

29251 

29303 

57-0 

435 

22 

28  793 

28-S29 

28940 

28-798 

50-0 

39  9 

23 

29-443 

29514 

29-583 

29  600 

53-2 

418 

23 

28973 

29044 

29-054 

29-086 

46-4 

■1-2-2 

24 

29-530 

29-146 

29-267 

29336 

58- 1 

451 

24 

29106 

29040 

28-974 

29-003 

463 

41-8 

25 

29-248 

29-199 

29215 

29-217 

51-0 

41-8 

25 

28-970 

2S-941 

28-850 

28-906 

467 

40-0 

26 

29-0:0 

28-988 

29-132 

29-283 

53-8 

40-1 

26 

28946 

29079 

29-156 

29  275 

487 

40-1 

27 

29339 

29-462 

29-554 

29676 

501 

347 

27 

29370 

29-516 

29562 

29552 

510 

38  0 

28 

29-700 

29-704 

29661 

29  653 

50-8 

377 

28 

29-441 

29  378 

29-468 

29-683 

46-6 

38-8 

29 

29-702 

_':'-7-:» 

29-732 

29-741 

451 

35- 1 

29 

29-728 

29-731 

29  716 

29638 

42-4 

338 

30 

29741 

29-674 

29-650 

29-609 

451 

33-8 

30 

29-539 

29  639 

29759 

29846 

456 

38-2 

31 

29775 

29  865 

29  862 

29-898 

443 

313 

31 

29-920 

29940 

29-930 

29-972 

43  0 

322 
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BAROMETER     READINGS,     &  c . 
NOVEMBER,  1878. 


KEVV. 

GLASGOW. 

<u 

Barometer. 

TEM- 
PERATURE. 

Barometer 

TEM- 
PERATURE. 

4  A.M. 

10  a.m. 

4  P.M. 

10  P.M. 

Maxi- 

Mini- 

<6 

4  A.M. 

10  a.m. 

4  P.M. 

10  P.M. 

Muxi-  Mini 

0 

mum. 

mum 

P 

mum. 

mum. 

1 

29-882 

29923 

29944 

30-028 

48-2 

39-2 

1 

30-006 

30-090 

30-102 

80-143 

46-1 

32-8 

2 

30-051 

30-113 

30-152 

30-220 

47-7 

33-5 

2 

30-177 

3D-26S 

.M'lN.I 

46-3 

84-7 

3 

30-217 

30  178 

30-100 

30-040 

45-5 

320 

3 

30-224 

30-204 

30118 

30  028 

41-8 

358 

4 

29-905 

29-764 

29-662 

29-655 

433 

32-2 

4 

29-866 

29-835 

29-864 

k;-o 

38-0 

5 

29-696 

29-795 

29-772 

297U7 

45-0 

37'8 

5 

29-966 

29-947 

29  826 

29  976 

462 

310 

6 

29-607 

29-53S 

29496 

29-578 

41-3 

362 

6 

29-674 

29-628 

29-678 

29746 

40-3 

360 

7 

29-628 

29-714 

29-753 

29-771 

46-2 

32-8 

7 

29-756 

29-748 

29-625 

29478 

43-9 

84*8 

8 

29-639 

29-383 

29-394 

29-682 

45-0 

33-2 

8 

29-364 

29-531 

29-729 

29-850 

39-0 

33*2 

9 

29  958 

30-152 

30-180 

30-060 

44-1 

340 

9 

30-004 

30-022 

29-8  S4 

29-314 

463 

304 

10 

29-698 

29-441 

29-218 

29-274 

511 

41-0 

10 

29-129 

29-032 

28975 

29127 

470 

397 

11 

29-323 

29-509 

29-516 

29-379 

45-0 

34-7 

11 

29-268 

29-340 

29-263 

29-266 

40-2 

30-3 

12 

29-381 

29-421 

29-403 

29-380 

383 

32-1 

12 

29-242 

29-304 

29-340 

29-440 

4-tO 

32-0 

13 

29-363 

29-411 

29-433 

29-465 

41-0 

35-0 

13 

29-428 

29-558 

29-616 

29-708 

457 

3.33 

14 

29-445 

29-463 

29-450 

29-397 

43-6 

38-0 

14 

29-710 

29-748 

29733 

29718 

440 

308 

15 

29-301 

29-235 

29171 

29-178 

42-6 

38-0 

15 

29-668 

29-648 

29-538 

29-452 

44-9 

37-0 

10 

29-182 

29-256 

29-303 

29-361 

4V0 

40-3 

16 

29-340 

29-396 

29-264 

29-542 

45-9 

397 

17 

29-413 

29-521 

29-561 

29-600 

45-5 

40-6 

17 

29  599 

29-738 

29-834 

29966 

469 

369 

18 

29715 

29-947 

30-062 

30-210 

473 

38-7 

18 

30-060 

30-175 

30-226 

30-278 

376      29-9 

19 

30-296 

30309 

30-410 

30-446 

46-1 

34-3 

19 

30-298 

30-320 

30304 

30  308 

44-6 

300 

20 

30-397 

30-380 

30-310 

30-257 

43-7 

355 

20 

30-288 

30-289 

30-262 

30-236 

16-2 

401 

21 

30-159 

30119 

30-066 

30-052 

419 

38-9 

21 

30-158 

30-118 

3  -032 

29  986 

46-8 

411 

22 

30-023 

30-042 

30  018 

30-028 

40-1 

368 

22 

29-908 

29-886 

29841 

29-876 

43-8 

87-8 

23 

30-006 

30-004 

29-915 

29-872 

42-3 

301 

23 

29-904 

29931 

29-882 

29  846 

379 

311 

24 

29-693 

29-528 

29-419 

29-352 

51-3 

36  1 

24 

29722 

29  570 

29432 

29-356 

39-9 

358 

25 

29-282 

29-314 

29-376 

29-396 

52-4 

40-0 

25 

29386 

29  294 

29-294 

29-3C6 

40-5 

34-9 

26 

29-392 

29-477 

29-440 

29-434 

41-0 

38-7 

26 

29-412 

29482 

29-489 

29-542 

39-0 

330 

27 

29-402 

29-401 

29-317 

29-290 

421 

366 

27 

29525 

29-563 

29556 

29682 

371 

29-0 

28 

29350 

29-522 

29-632 

29-763 

42-0 

389 

28 

29790 

29-934 

29-953 

29989 

38-9 

28-2 

29 

29  828 

29-912 

29-913 

29-929 

39-3 

29-3 

29 

29-896 

29-795 

29-978 

29889 

36-1 

26-8 

30 

29-930 

29-979 

29-952 

29-934 

38-0 

296 

30 

29-896 

29894 

29-796 

29724 

40-5 

337 

DECEMBER,  1878. 


1 

29860 

29-742 

29-586 

29-714 

40-1 

33-8 

1 

29-672 

29-674 

29-786 

29928 

42-8 

353 

2 

29-860 

29-990 

30-000 

30-005 

40-3 

346 

2 

30-018 

30-089 

30-108 

30-160 

40-0 

335 

3 

30017 

30110 

30-162 

30-202 

395 

349 

3 

30-160 

30242 

30269 

30308 

39-3 

311 

4 

30-222 

30-226 

30-191 

30-169 

41-4 

34-9 

4 

30-294 

30-270 

30-199 

30-138 

399 

27-7 

5 

30-115 

.    30-060 

29-988 

30-028 

44-4 

33-8 

5 

30  099 

30-092 

30-178 

30-214 

41-3 

315 

6 

30-053 

30-000 

29-957 

29-805 

371 

29-8 

6 

30118 

29-998 

29-781 

29-764 

38-8 

30  3 

7 

29649 

29041 

29-599 

29-557 

368 

341 

7 

29750 

29-708 

29-740 

29-674 

379 

310 

8 

29-494 

29-407 

29-405 

29538 

34-4 

31  9 

8 

29-504 

29-572 

^9-616 

29-614 

365 

28-2 

9 

29-582 

29  622 

29-623 

29706 

34-2 

255 

9 

29-594 

29611 

29-678 

29-730 

360 

279 

10 

29-760 

29-820 

29-829 

29-854 

28-7 

25  5 

10 

29-764 

29874 

29-910 

29  950 

345 

281 

11 

29-844 

29  858 

29-808 

29-820 

337 

29-0 

11 

29-960 

29  980 

29886 

29  750 

32-0 

249 

12 

29-812 

29-804 

29-710 

29-054 

30  0 

27-1 

12 

29623 

29-580 

2!i-.M;<i 

29516 

32-4 

218 

13 

29598 

29646 

29003 

29-672 

300 

22-0 

13 

29  522 

29578 

29  592 

29-638 

302 

21-2 

14 

29-613 

29-587 

29-508 

29  641 

30-9 

22-0 

14 

29-636 

29-630 

29-600 

29590 

261 

20-0 

15 

29-664 

29-685 

29-639 

29-691 

35-0 

232 

15 

29-537 

29-488 

29-455 

29399 

31-0 

20-2 

16 

29  503 

29-477 

29-418 

29-432 

33-4 

290 

16 

29-390 

29-430 

29-420 

29-484 

28*2 

167 

17 

29-420 

29446 

29-459 

29505 

32-1 

24-4 

17 

29449 

29-422 

29*324 

89112 

345 

147 

18 

29-437 

29-326 

29-242 

29-189 

398 

311 

18 

28-984 

28-822 

88  988 

28-988 

358 

28-3 

19 

29  133 

29182 

29-269 

29-399 

38-5 

31-1 

19 

29-029 

29-126 

29-2."  6 

29  385 

37-8 

243 

20 

29  439 

29-485 

29-511 

29-629 

32-8 

27-5 

20 

29-410 

29-462 

29-520 

29-639 

321 

11-9 

21 

29-693 

29-785 

29-807 

29-828 

32-9 

275 

21 

29711 

29-707 

29  608 

29-5S-2 

346 

240 

22 

29758 

29764 

29-735 

29-789 

32-6 

23-1 

22 

29-590 

29-5S9 

29-632 

29-672 

341 

240 

23 

29-810 

29-853 

29-900 

29  999 

30-7 

169 

23 

29-674 

29-773 

29944 

30-i  Ml 

350 

20-8 

24 

30-181 

30-322 

30-338 

30-342 

30-0 

14-7 

24 

30-182 

30-241 

30-211 

30140 

29-0 

140 

25 

30  212 

30-068 

29-784 

29  655 

3i-9 

160 

25 

30-047 

2!i-H70 

29819 

29-725 

28-9 

22  0 

26 

29-478 

29-409 

29-398 

29  421 

46-0 

32-2 

26 

29-578 

29-488 

29-446 

29-450 

84*9 

259 

27 

29378 

29-382 

29-452 

29-366 

45-0 

351 

27 

29-433 

29-444 

29  396 

29  356 

349 

30-0 

28 

29-512 

i9-020 

29-557 

29-418 

46-8 

379 

28 

29-354 

29-402 

29-342 

29-263 

370 

279 

29 

29279 

29-4G9 

29-496 

29  476 

46-9 

38-2 

29 

29120 

29-172 

29-264 

29  208 

392 

32  2 

30 

29-370 

29-409 

29-474 

29-500 

53-6 

46-2 

30 

28-928 

28986 

2s-!u;s 

29-002 

457 

357 

31 

29473 

29  529 

29-479 

29  561 

53-2 

49-0 

31 

28-858 

28-888 

28756 

29-014 

479 

400 
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Account  of  some  experiments  with  coal- 
dust,  by  A.  Freire  Marrcco  and  D.  P. 
Morison,   85.  —  Introductory   remarks, 
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.  coal-dust,  99-100.— Discussed,  101,  156. 
Plates. 
16.    Plan,  elevation,  and  end  view  of  the 
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Aldis,  W.  Steadman,  On  the  mathema- 
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Amsler's  planimeter,  mathematical  theory 
of,  described  by  W.  Steadman  Aldis,  211. 
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Coke-filling  apparatus  at  Browney  Col- 
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(See  Hematite  deposits.) 

Detection  and  Measurement  of  Gas.  (See 
Further  remarks  on,  &c.) 

Education  of  workmen,  204. 

Elswick   Colliery,    Experiments   at,   with 

coal-dust,  90. 
Eskdale  granite,  hematite  deposits  in,  118. 
Experiments  with  coal-dust.  (See  Account 

of  &c.) 
i        Explosion  of  flouring  mills  at  Minneapolis, 

159. 
Explosions,  coal-dust.     (See  Account  of 

&c.) 

Finance  Committee's  report,  viii. 

Fire-damp,  206. 

Flouring  mills  at  Minneapolis,  explosion 
at,  159. 

Forms  of  nomination,  lvi. 

Fossils,  Saarbriicken  coal-field,  13  et  segue. 

Fbeiee-Maereco,  A.,  On  a  recording 
water-gauge  for  pit  purposes,  (See 
Recording  water-gauge.)  —  On  some 
experiments  with  coal  dust.  (See  Ac- 
count of  &.C.) 


Further  remarks  on  the  detection  and 
measurement  of  small  cpiantities  of  in- 
flammable gas,  by  E.  H.  Liveing,  167. — 
Description  of  the  instrument  employed, 
167. 

Plate. 
34.     Illustrating  the  instrument. 


Gas,  Detection  and  measurement  of.  (See 
Further  remarks  on,  &c.) 

General  statement  of  accounts,  xvi. 

Geological  formation,  &c.  of  Saarbriicken 
coal-field,  11. 

Germany,  Screening  coal  in,  187. 

Geeenweil,  G.  C,  Presidential  addi-ess. 
(See  Presidenfs  address.) — Notes  on 
the  hematite  deposits  of  West  Cumber- 
land, 219. 

Harton  Colliery,  Experiments  at,  with 
coal-dust,  90-  92. 

Haulage.  (See  New  method  of  and  Some 
Remarks  on.) 

Hematite  deposits  of  West  Cumberland, 
by  J.  D.  Kendall,  107.— Part  I.  Intro- 
ductory remarks,  109. — Granite,  110. — 
Skiddaw  slate,  111.— Borrowdale  and 
Coniston  series,  carboniferous  limestone, 
112. — Millstone  grit,  coal-measures,  115. 
— Section  of  Borehole  between  Mill- 
yeat  and  Weddiker,  116. — Section  at 
Croft  pit,  117.— Breccia,  magnesian 
limestone  and  St.  Bees  limestone,  117. 
—Superficial  deposits,  118.— Part  II. 
Position,  form,  and  inner  nature  of 
the  deposits,  Deposits  in  the  Eskdale 
granite,  118. — Deposits  in  the  Skiddaw 
slate,  120.— Analyses  of  ore,  122. — De- 
posits in  the  Coniston  limestone,  123. — 
Analyses  of  "paint"  ore,  124. — Deposits 
in  the  carboniferous  limestone,  125. — 
Bed-like  deposits,  126.— Vein-like  de- 
posits, 128.- Dish-like  deposits,  129. — 
Irregularly-shaped  deposits,  130. — De- 
posits alongside  north  and  south  faults, 
131. — Deposits  alongside  east  and  west 
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faults,  132.— Analyses  of  ore,  132.— 
Deposits  in  the  upper  coal-measures, 
section  of  strata,  136. — Analyses  of  ore, 
137.— Part  III.  Age  of  the  deposits, 
137.— Part  IV.  Origin  of  the  deposits, 
142.— Conclusion,  153.— Discussed,  219. 
— Remarks  on,  by  G.  C.  Green  well,  219. 
—A.  L.  Steavenson,  222.— T.  J.  Bewick, 
225.— E.  F.  Boyd,  227.— G.  A.  Lebour, 
228. —J.  Marley,  229.  — Further  re- 
marks by  J.  D.  Kendall,  230. 

Plates. 
18.  Sketch  map  showing  some  of  the 
geological  features  of  the  West  Cum- 
berland hematite  district.  —  19.  En- 
larged geological  map  of  the  northern 
portion  of  the  district.  —  20.  Ditto 
southern  portion.  —  21  to  33.  Nume- 
rous sections  showing  the  strata  of 
the  district,  the  position  of  the 
various  beds,  ore  deposits,  &c. — 39. 
Illustrating  Mr.  Green  well's  remarks. 
Honorary  members,  xviii. 

Ironworks  at  Saarbriicken,  42. 

Jackson,  W.,  On  endless-rope  haulage. 
(See  Some  remarks  on.) 

Kendall,  J.  D.,  On  the  hematite  deposits 
of  West  Cumberland.  (See  Hematite 
deposits.') 

Lebour,  G.  A.,  Brief  notes  on  some  of  the 
sections  of  the  carboniferous  limestone 
series  of  Northumberland.  (See  Brief 
notes  on,  &c.) — Remarks  on  the  hema- 
tite deposits  of  West  Cumberland,  228. 

Life  members,  xviii. 

Liveing,  E.  H.,  On  detection  and  measure- 
ment of  Gas.  (See  Further  remarks  on, 
&c.) 

Marley,  John,  Remarks  on  the  hematite 
deposits  of  West  Cumberland,  229. 


Mathematical  theory  of    Amaler'fl   plani- 

meter,  by  W.  Steadman  aldia,  \l\  I. 
Membebb,  Honorary,  wiii. —  Life,  xviii. 
— Original,  xx.  —  Ordinary,  \xxvi. — 
Associate,  xxxvi. — Students,  xxxvii. 
Millyeat,  section  of  borehole  at,  116. 
Mining  at  Saarbriicken,  with  an  account 
of  the  structure  of  the  coal-field,  by 
A.  R.  Sawyer,  9.— History,  9.— Situa- 
tion of  the  coal-field  and  extent 
posed  area  of  coal-measures,  Geoli  tries] 
position  of  the  coal-field  in  relation  to 
those  of  Westphalia  and  Belgium,  11. — 
Strata  overlying  the  coal-measures, 
Detailed  description  of  the  newer 
(overlying)  formations,  13.  —  Descrip- 
tion of  the  carboniferous  formation,  16. 
—Coal,  25.— Red  Rock,  Loss  of  life, 
28.— Output,  29.— Work  and  wages,  30. 
— Work  underground,  31. — Schools.  32. 
—  Yearly  festival,  Dwellings,  35. — 
Number  of  men  employed,  36. — In- 
dictable crimes,  37. — Mode  of  working  : 
Board  and  pillar,  38 ;  Long-wall,  39. — 
Surveying,  40. — Cost  of  production  and 
prices,  41.  —  Coke,  Ironworks,  Con- 
sumption of  coal  in  the  coal-field,  42. — 
Limits  of  exportation,  Air  com- 
pressors, Shafts,  43. — Table  of  data 
relative  to  the  various  pits,  pit  sections, 
&c,  44. — Thicknesses  of  strata  in  the 
various  groups,  56-64.— Discussed,  64. 

Plates. 
1.  Plan  of  the  Saarbriicken  coal-field. 
2,  3,  4.  Sections  of  same.— 5.  Table 
of  English  equivalents  to  German 
terms  employed.  —  6,7.  Board  and 
pillar  working.  —  8,  9.  Long-wall 
working.  —  10.  Surveying  instru- 
ments. 11.  12,  13,  11.  Sections  of 
pit  shafts. 
Minneapolis,  explosion    of   flouring   mills 

at,  159, 
Mokison,  D.  P.,  On  Higg  and  Bfeiklejon's 
coal-cutting   machine.      (See   Notes  on, 
ivc.)     On  some  experiments  with  coal- 
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dust.  (See  Account  of,  &c.)  Intro- 
ductory notes  on  boiler  accidents  and 
their  prevention.  (See  Boiler  acci- 
dents.) 

New  method  of  Rope  haulage,  by  James 
Pease,  235. — Tabular  statement  of  re- 
sults published  by  the  Tail-rope  Com- 
mittee, 237. — Principles  which  govern 
the  different  systems,  Endless  rope 
and  chain  systems,  238. — Couplings,  239. 
— New  clip  described,  Maintenance 
and  labour  charges,  240. 

Plates. 

40.     Illustrating  the  new  method. 

Nomination  of  members,  Forms  of,  lvi. 

Northumberland,  Notes  on  some  of  the 
sections  of  the  carboniferous  limestone 
series  of,  by  G.  A.  Lebour.  (See  Brief 
notes  on,  &c.) 

Notes  on  Rigg  and  Meiklejon's  coal- 
cutting  machine,  by  D.  P.  Morison,  75. 
— Construction  of  the  machine,  75. — 
Work  done  by  it  at  Preston,  76,  189, 
and  at  Elemore  colliery,  77. — Cost  of 
plant,  &c,  78. — Discussed,  78,  188. — 
Prices  of  machine  work,  190. — Cost 
of  plant,  &c,  191. 

Plate. 
15.     Plan,  elevation    and  end  view  of 
the  Machine. 

Officers,  xvi. 

Ordinary  members,  xxxvi. 

Original  members,  xx. 

Patents,  265. 
Patrons,  xvii. 
Pease,  James,  On  a  new  method  of  rope 

haulage.     (See  New  method,  &c.) 
Planimeter,  Amsler's,  The  mathematical 

theory  of,  described,  by  VV.  Steadman 

Aldis,  211. 
President's  address  (G.  C.  Greenwell),  197. 

— Capital  and  labour,  Security  for  life 

of    the    workman,    Fatal    accidents    in 


mines,  198. — Loss  of  life  at  sea  and  on 
railways,  200. — Skilled  education  of  the 
workman  and  economy  in  the  application 
of  his  time  and  energy,  204. — Colliery 
explosions,  coal-dust,  fire-damp,  &c,  206. 
Preston  colliery,  coal-cutting  machine  at, 
189. 

Railways,  loss  of  life  on,  200. 

Recording  water-gauge  for  pit  purposes, 
by  A.  Freire-Marreco,  Description  of 
the  instrument,  71. — Discussed,  72. 

Report  of  Council,  v. 

Report  of  Finance  Committee,  viii. 

Rigg  and  Meiklejon's  coal-cutting  ma- 
chines.    (See  Notes  on,  &c.) 

Rope  haulage.  (See  New  method  of  and 
Some  remarks  on.) 

Royal  charter,  Copy  of,  xliii. 

Rules,  xlix. 

SaarbrLicken,  Mining  at,  by  A.  R.  Sawyer. 
(See  Mining  at,  &c.) 

Sawyer,  A.  R.,On  mining  at  SaarbrLicken. 
(See  Mining  at,  &c.) 

Schiele's  Ventilator  at  Browuey  colliery, 
106. 

Schmitt's  revolving  spiral  screen,  by  D.  P. 
Morison,  183.  —  The  screen  described, 
184. — Table  of  comparative  results,  or- 
dinary drum  screen  and  spiral  screen, 
186  — Mode  of  dealing  with  the  coal  in 
Germany,  187. — Discussed,  188. 

Plates. 
35,  36.     Sectious  showing  interior  for- 
mation of  the  screen. — 37.  End  eleva- 
tion. —38.    Revolving  drum  screens  as 
used  on  the  Ruhr. 
Scrutineers  of  voting  papers,  235. 
Sea,  Loss  of  life  at,  200. 
Sections  : — St.    Ingbert    colliery,    Saar- 
brLicken, 20. — Pit  shafts  at  SaarbrLicken, 
44.  —  Borehole   between   Millyeat   and 
Weddiker,  116. — Strata  at   Croft   pit, 
117. — Strata  of  the  West  Cumberland 
district  showing  position  of  the  various 
hematite  deposits,  <xc,  plates  21  to  23. 
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Sections  of  the  carboniferous  limestone 
series  of  Northumberland,  Notes  on,  by 
G.  A.  Labour.    (See  Brief  Notes  on,  &c.) 

Skiddaw  slate,  Hematite  deposits  in,  120. 

Some  remarks  on  endless-rope  haulage,  by 
W.  Jackson,  211. — New  screw  clip  de- 
scribed, 244. — Mode  of  applying  the 
same,  245. — Saving  effected,  246. 

Plate. 

41.     Illustrating  the  description. 
Spiral  Screen,  Schmitt's.     (See  Schmitfs 

Revolving ,  &c.) 
St.  Ingbert  colliery,  Saarbriicken,  Section 

at,  20. 
Steatenson,   A.    L.,    Remarks    on    the 

hematite  deposits  of  West  Cumberland, 

222. 
Students,  xxxvii. 
Subscribing  Collieries,  xli. 
Subscriptions,  Account  of,  xiv. 
Supply  of  pure  water  and  motive  power 

to    centres    of    population,   by    David 

Burns,    171. —  Introductory    remarks, 


173.— Pressure  reservoirs,  spring  reser- 
voirs,   175.  —  Pressure    pipes,    17<'p 
Power,  pressure  main,  available  power) 

service  reservoir,  177. — Discussed,  180. 

Telephonic  ventilation  tell-tale,  by  Henry 

Hall,  discussed,  67. 
Treasurer's  accounts,  xxii. 

Ventilation  tell-tale,  Telephonic,  by  Henry 

Hall,  discussed,  67. 
Ventilator  (Schiele)  at  Browney  colliery, 

106. 

Water  and  motive  power,  Supply  of,  by 
D.  Burns.     (See  Supply  of,  &c.) 

Water-gauge  for  pit  purposes,  by  A. 
Freire-Marreco.  (See  Recording  water- 
gauge.) 

West  Cumberland,  Hematite  deposits  of, 
by  J.  D.  Kendall.  (See  Hematite 
deposits,  &c.) 

Woodhouse,  J.  T.,  Death  of,  70. 
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